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Since  this  document  was  prepared  in  1971  several  organizational 
changes  have  occurred  which  will  require  correction  in  an  up-dated 
version  of  this  manual.  For  example,  the  Joint  Technical  Coordinating 
Group  involved  is  now  the ■ JTCG/Munitions  Development;  the  Naval  Ordnance 
Systems  Command  responsibilities  described  are  now  incorporated  in  those 
of  the  Naval  Sea  Systems  Command;  those  of  the  Explosives  Division, 

Picatinny  Arsenal  are  now  with  the  Energetic  Materials  Division,  US  Army 
Armament  Research  and  Development  Command,  Dover,  NJ. 

Although  distributed  as  an  interim  document  the  manual  continues  to 
be  the  basic  document  describing  the  tests  and  criteria  used  by  the  three 
services  to  qualify  explosives  for  military  use.  New  tests  are  continuing 
to  be  refined.  Some  of  these  advances  are  described  in  ARRADCOM  Special 
Publication  ARLCD-77004  (September  1977)  "Proceedings  j>f  the  Conference^ 
oh  the  Standardization  of  Safety  and  Performance  Tests  for  Energetic 
Materials"  Dover,  N.J. 

As  a  consequence,  the  manual  is  under  revision  to  incorporate  the 
changes  and  to  extend  the  coverage  to  propellant  and  pyrotechnic  substances. 
NATO-wide  discussions  are  also  being  conducted  to  develop  principles  and 
a  manual  of  wider  acceptability. 
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This  is  a  massive  task  which  may  take  some  ye^rs  to  accomplish.  In 
the  interim  period  the  JTCG/MD  Working  Party  for  Explosives  will  be  glad 
to  provide  advice  or  assistance  in  the  conduct  of  qualification  test 
procedures  that  will  meet  US  military  approval.  Contact  with 
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Che  Working  Party  can  be  made  through  Dr.  Raymond  F.  Walker  (Chairman) 
or  Dr.  Harold  Matsuguma  (alternate)  in  the  Energetic  Materials 
Division.  Users  in  particular  are  urged  to  submit  suggestions  to 
replace,  improve  or  supplement  the  tests  described. 

The  following  pagas  are  provided  to  indicate  the  authority  for 
the  statements  made  in  the  manual. 
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ADDENDUM 


Tlir>  1  o.l  J  ow  i  up,  pages  are  provided  to  indicate  the 
authority  for  statements  made  in  this  Manual.  This 
is  Volume  IV  of  the  subject  report  and  action  has  been 
initiated  to  convert  the  text  into  a  Joint  Services 
Military  Standard. 


In  its  present  form  the  volume  is  an  interim  document. 
All  users  are  urged  to  submit  suggestions  to  the  JTCG/MD 
Working  Party  for  Explosives  to  replace  existing  tests, 
introduce  improved  tests  or  to  improve  the  validity  of 
the  assessment  process. 
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ABSTRACT 


BxLs  document  presents  a  conpilation  of  Joint  Service  test 
procedures  for  qualifying  primary,  booster  and  main  charge  explo¬ 
sives  for  interim  development  and  final  application  in  military 
end-items.  These  qualification  procedures  will  be  required  for  any 
explosive  under  consideration  by  any  of  the  military  services. 


PREFACE 


This  manual  constitutesJVolume  IV  of  the  four  volume  final 
report  on  the  use  of  DQD  emergency  funds  to  initiate  the  long  range 
Joint  Services  Explosives  Fill  Program.  The  funds  were  assigned  to 
the  US  Army  Project  1T562603A559* 

J 

As  indicated  in  the  FOREWORD,  in  its  present  form  the  document 
must  be  considered  an  interim  manual,  subject  to  continuing  review 
analysis  and  improvement .  Nevertheless,  it  is  a  significant  step 
forward  and  has  already  played  a  role  in  other  facets  of  the  Joint 
Services  Explosives  Fill  Program. 


fatal  fed- 

RAYMOND  F.  WALKER 

Chairman,  Working  Party  for  Explosives 
Joint  Technical  Coordinating  Group 
Air-Launched  Non-Nuclear  Ordnance 
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FOREWORD 


This  document  presents  a  compilation  of  Joint  Service  test  procedures 
fer  qualifying  primary,  booster,  and  main  charge  explosives  for  use  in 
service  applications  and  in  development  programs  leading  to  such  appli¬ 
cations  (interim  qualification).  Test  procedures  and  criteria  for  final 
qualification  of  explosives  In  their  intended  application  are  also 
included.  These  qualification  procedures  will  henceforth  be  required 
for  any  explosive  to  be  used  by  any  of  the  military  services.  Additional 
guidance  will  be  forthcoming  concerning  the  qualification  of  liquid  and 
slurry  explosives. 

Some  of  the  tests  are  listed  as  mandatory  and  must,  therefore,  be 
performed.  For  these,  suggested  passinn  criteria  have  been  established 
and  it  is  exacted  that  these  criteria  will  be  used  by  all  services.  An 
Individual  service  retains  the  right  to  impose  additional  passinq  criteria 
to  fit  its  own  more  stringent  requirements  in  specific  cases. 

This  document  is  intended  to  be  a  viable  guide,  subject  to  regular 
review  and  updating,  as  a  greater  understanding  is  generated  on  the 
behavior,  properties  and  testing  of  explosives.  New  test.  ■-  11  be 
Included  to  fill  gaps  or  to  replace  existing  tests  and  users  of  this 
document  are  encouraged  to  submit  test  procedures  for  consideration. 

This  document  contains  the  following: 


Introduction 
Chapter  I . 
Chapter  II. 
Chapter  III. 
Chapter  IV. 
Chapter  V. 
Chapter  VI. 


Interim  Qualification  of  Primary  Explosives 
Final  Qualification  of  Primary  Explosives 
Interim  Qualification  of  Booster  Explosives 
Final  Qualification  of  Booster  Explosives 
Interim  Qualification  of  Main  Charge  Explosives 
Final  Qualification  of  Main  Charge  Explosives 
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Appendixes : 

A.  Standard  Test  Procedures  for  Electrostatic  Sensitivity 

Testing 

B.  Proredure  for  Adiabatic  Sensitivity  Testing  -  NEDED  Method 

C.  Cylinder  Expansion*  The  Gurney  Constant  and  Warhead 

Fragmentation 

D.  FAE  Test  Facilities  and  Procedures 

E.  Explosive  Hazard  Classification  Procedures 
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cedures;  others  contributed  through  suggestions  and  review  of  procedures. 
The  Navy  group  that  contributed  to  preparation  of  the  document  which 
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V.  Philipchuk,  NWL,  Dahlcren;  and  H.  J.  Grytino,  NWC,  China  Lake  (Chair¬ 
man). 

This  group  met  to  establish  the  scope  and  overall  content  and  dis¬ 
cussed  content  of  each  chapter  with  chapter  authors.  Previous  work  had 
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the  interim  qualification  document  for  booster  explosives. 

Those  responsible  for  individual  chapters  were: 
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OD  44P.1 1 


INTRODUCTION 

The  Department  of  Defense  supports  explosives  R&D  programs  in  each 
of  the  three  services.  As  these  proorams  are  productive,  new  explosives 
are  generated  in  response  to  goals  set  to  obtain  improved  explosives  to 
satisfy  future  and  ongoing  needs.  Some  explosives  may  be  of  hi nh  interest 
to  consider  for  concurrent  development  with  applications  proorams  and  it 
Is  essential  that  the  capabilities  and  limitations  of  the  explosive  be 
adequately  determined. 

As  a  guideline  for  weapons  designers  and  as  an  aid  to  explosives 
researchers  and  engineers,  this  document  describes: 

1.  Evaluation  procedures  which  must  be  run  (discriminatory  tests) 
before  an  explosive  con  be  selected  for  final  evaluation  in  a  warhead. 

2.  Additional  background  information  concernino  the  explosive  which 
is  desirable  but  not  mandatory. 

3.  Criteria  for  passing  the  tests  outlined  herein. 

This  information  is  presented  for  primary,  booster,  and  main  charge 
explosives  and  Is  mainly  for  storable  explosives  and  not  for  explosives 
which  may  be  made  up  and  used  the  same  day.  Performance  tests  listed 
are  referenced  or  presented  herein,  includino  both  those  essential  and 
those  considered  desirable.  These  are  intended  to  give  designers  better 
knowledge  a.s  to  the  type  of  application  best  fulfilled  by  a  particular 
explosive  and  vice  versa. 

During  the  preparation  of  the  documents  for  interim  qual if ication 
of  primary,  booster,  and  main  charge  explosives,  concern  was  repeatedly 
voiced  that  the  explosive  formulation  made  in  production  would  not  be 
exactly  the  same  as  that  subjected  to  the  qualification  tests.  Compo¬ 
sitions  coverlnq  the  probable  range  of  variance  in  density,  composition, 
particle  size,  etc.  expected  to  occur  durinq  production  should  be  made 
and  tested;  however,  the  added  cost  may  be  prohibitive  durinq  interim 
qualification.  It  is  therefore  recommended  that  any  material  passing 
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these  tests  be  examined  thoroughly  at  the  time  of  consideration  for  use 
in  a  warhead  or  other  application  so  that  reasonable  assurance  car)  be 
given  that  the  product  will  be  acceptable  for  the  parameters  considered. 
The  range  considered  should  cover  expected  production  variability.  It  is 
recommended  that  this  variability  be  further  checked  as  to  meeting  the 
requirements  of  WR-50  by  means  of  designed  experiments  including  expected 
variable  extremes.  Some  of  this  information  would  normally  be  obtained 
during  development. 

It  is  necessary  that  several  batches  of  the  explosive  composition 
be  prepared  so  that  processability  by  the  intended  production  method  is 
reasonably  assured.  The  composition  should  be  successfully  scaled  up 
to  at  least  100  pounds  for  main  charge  explosives,  25  pounds  for  booster 
explosives  and  to  a  logical  production  size  appropriate  for  the  type  of 
primary  explosive,  if  the  method  is  a  noncontinuous  process,  before  it 
can  be  considered  as  having  completely  satisfied  the  requirements  for 
interim  qualification.  Unless  otherwise  specified  in  this  document,  with 
the  evaluation  procedure  prescribed  at  least  three  batches  of  approxi¬ 
mately  the  same  composition  should  be  tested  and  should  pass  the  sensi¬ 
tivity  and  stability  tests  as  required  for  each  type  explosive  before 
the  composition  is  considered  safe.  The  composition  is  considered 
unacceptable  if  one  or  more  of  the  batches  fail  these  tests. 

It  is  further  expected  that  any  major  problems  in  successful  process 
ing  by  the  method  of  intended  production  should  be  worked  out  so  that 
there  are  no  known  outstandino  production  problems  to  be  solved  when 
interim  qualification  is  qranted. 

The  explosive  composition  should  be  sent  to  the  Bureau  of  Explosives 
of  the  Association  of  American  Railroads  for  appropriate  classification 
or  classified  by  the  appropriately  recognized  service  agency,  such  as 
0RP-04B,  on  the  basis  of  similar  tests  so  that  suitable  criteria  for 
establishing  safe  shipment  methods  are  clear. 
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This  Joint  Service  document  presents  a  compil.tt ion  of  test  procedures 
from  the  three  services  that  have  been  agreed  upon  for  qualifying  primary, 
booster,  and  main  charge  explosives  for  consideration  for  use  in  service 
application  (interim  qualification)  and  also  those  test  procedures  and  criteria 
for  evaluation  of  explosives  for  final  qualification  of  the  explosive  in  its  intended 
application.  These  qualification  procedures  will  henceforth  be  required  for 
any  explosive  to  be  used  by  any  of  the  military  services. 

Some  of  the  tests  are  listed  as  mandatory  and  must  therefore  be  performed. 

For  these,  suggested  passing  criteria  have  been  established  and  are  presented. 

It  is  accordingly  expected  that  these  criteria  will  be  used  by  all  services.  The 
individual  service  reserves  the  right  to  change  the  passing  criteria  to  fit  their 
own  perhaps  more  stringent  requirement  in  specific  cases  or  to  devise  more 
appropriate  criteria. 

Relationships  of  organizations  in  the  three  services  to  the  approval  of 
explosives  and  of  explosives  in  weapons. 

Although  the  required  tests  for  qualification  will  be  the  same  or  nearly  so 
except  for  occasional  more  stringent  requirements  for  certain  applications , 
the  three  services  individually  qualify  the  explosive  they  use.  For  the  Navy 
the  Ordnance  Systems  Command  has  full  responsibility  for  explosives  development 
and  qualification  both  interim  qualification  and  final  qualification  in  the  weapon. 

The  Explosives  and  Pyrotechnic  Branch,  ORD  0332  is  responsible  for 
making  recommendations  for  approval  to  COMNAVORD  whereas  the  Safety 
Division  ORD  048  has  overall  weapon  systems  safety  responsibility  per 
NAVOUD1NST  8020. 1  I .  The  Weapons  Systems  Explosives  Safety  Review  Board 
must  approve  of  every  Navy  weapon  prior  to  its  release  for  service  use. 

Further  delineation  of  Navy  responsibilities  in  NAVORD  are  given  in  several 
instructions  summarized  in  NAVORD  INST  8020.11,  included  in  the  manual  and 
in  NAVMAT1NST  8020. ID. 

For  the  Army,  interim  qualification  is  granted  by  tht  Explosive  Division, 
Feltman  Research  Laboratory  (FRL)  Picatinny  Arsenal,  Dover  N.  J.  This 
qualification  will  be  granted  on  the  basis  of  successful  passing  of  required 


tests  of  OD  M8r  and  its  Joint  Service  successor  and  any  other  tests 
from  the  background  Information  sections  of  the  Manual  that  the 
Explosives  Division  doom  necessary.  Final  qualification  requires 
WK-50  (Reference  1  of  6-2)  type  tests  as  indicated  in  this  Joint 
Services  manual  (and  OD  M8.ll)  and  in  addition  those  tests  required 
for  special  applications  from  the  publication  "Army  Materiel  Test 
Procedures"  Picatinny  Arsenal.  This  is  a  rather  large  group  of 
booklets  which  cover  specialized  tests  for  various  Army  applications. 
Procedure  k-1-001  describes  cognizant  Army  Agencies  and  offices  for 
weapons  systems  airmunitlon  and  explosives  for  their  life  cycle. 
Environmental  tests  are  covered  in  more  detail  in  AH  70-38.  A 
Jorge  number  of  these  test  procedures  are  the  same  MILSTD  810B  and 
MIIjSTD  331  procedures  referred  to  in  WK-50.  The  final  explosives 
approval  and  quail fication  in  the  munition  is  given  by  the  Army 
Muni l Ions  Command . 

The  Air  Force  grants  interim  explosives  qualification  through 
Its  Air  Force  Armament  Laboratory,  Fglin  Air  Force  Base,  Florida 
and  final  qualification  through  the  Air  Force  Non-Nuclear  Munition 
Safety  Group  (NNMSG)  in  accordance  APR  127-102  of  7  March  1972.  The 
Air  Force  requires  the  use  of  the  same  evaluation  procedures  as  the 
other  services,  viz.,  the  Joint  Service  Manual. 
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The  Naval  Ordnance  Systems  Cornand,  0RD-0332,  will  make  the  final 
judgment  conceriwftthe  granting  of  interim  qualification  based  upoq 
their  Interpreta^y  of  the  results  of  the  t§jts  described  by  this  docu¬ 
ment  for  theJjav^yand  the  AFATL/DL65  for  th^" ArWorce.  The  Army  nccep- 
tance  of  an*?2^^asive  in  a  munition  is  presided  on  successful  dambn- 
stration  <$^^erior  performance  in  the^.^^ munition  andSjjccessful 
completion  of  manufacturing  and  field cps^regimens. 


GENERAL  DEFINITIONS 


Primary  Explosives  are  those  sensitive  formulations  or  compounds 
such  as  Lead  Azide  or  Lead  Styphnate  which  are  used  principally  as  initi¬ 
ating  agents  in  explosive  trains.  These  sensitive  explosives  are  normally 
separated  from  the  booster  explosive  by  the  interrupter  or  safety  and 
arming  device  of  the  fuze  or  exploder. 

Booster  Explosives  are  compounds  or  formulations  such  as  tetryl  or 
CH-6  which  are  used  to  transmit  and  augment  the  detonation  reaction 
(initiated  by  the  primary  explosive)  with  sufficient  enemy  to  initiate 
a  stable  detonation  in  the  main-charge  explosive. 

Main  Charge  Explosives  are  compounds  or  formulations  such  as  TNT, 
Composition  B,  or  H-6  which  are  used  as  the  final  charge  in  any  explo¬ 
sive  application.  These  explosives,  because  of  their  insensitivity, 
ordinarily  require  initiation  by  a  booster  explosive.  For  this  document 
explosives  do  not  include  pyrotechnics  or  propellants  unless  they  are 
used  as  the  principle  enerqy  source  for  destructive  effects. 

Non-Certified  Explosives  are  compounds  or  formulations  which  are 
neither  service  approved  nor  interim  qualified.  For  the  purpose  of  this 
document,  these  include  both  explosives  still  under  development  and  ex¬ 
plosives  which,  althouqh  they  may  be  used  commercially  or  by  other  ser¬ 
vices,  have  not  been  formally  approved  or  Interim  qualified. 

Service  Approved  Explosives  are  compounds  or  formulations  which 
have  been  approved  by  the  appropriate  service  comnand. 


3 


00  44811 


Interim  Qualified  Explosives  are  compounds  or  formulations  that  have 
not  been  approved  for  service  use  In  specific  applications,  but  have  been 
approved  for  further  development  leading  toward  an  application. 

SAFETY 

General  Safety  Precautions 

The  loading,  assembly,  and  handling  of  any  item  covered  by  this 
document,  and  the  subassemblies  thereof,  involve  hazardous  operations 
and  therefore  require  suitable  explosives  safety  precautions.  Use  of 
this  document  will  not  be  construed  as  to  relieve  the  contractor  or  manu¬ 
facturer  of  responsibility  for  the  safety  of  his  operations.  Listed  below 
are  certain  minimum  provisions  which,  in  combination  with  DOD  4145.26M 
(DOD  Contractors'  Safety  Manual  for  Ammunition  and  Related  Danqerous 
Material,  October  1968)  a  contractor  or  manufacturer  should  observe  in 
order  to  fulfill  his  responsibility  for  safety.  At  government  plants 
these  provisions  are  mandatory.  Such  other  warnings  and  precautions, 
pertinent  to  the  operational  effectiveness  or  safety  during  use  or  load¬ 
ing  of  the  specified  Item,  are  included  in  the  detailed  technical  require¬ 
ments  of  the  document. 

1.  All  loading  operations  should  be  conducted  in  a  neat  and  orderly 
manner. 

2.  Safe  equipment  and  methods  should  be  utilized  for  transporting 
and  handlinq  explosives  and  loaded  parts.  Where  required,  remote  control 
barricaded  handling  equipment  shall  be  used  for  explosives  operations 
such  as  mixing,  pourino,  weighing,  charging,  sifting,  drying,  pressing, 
casting,  crimping,  etc. 

3.  Personnel  handling  detonators,  primers,  delay  elements,  lead-ins, 
boosters,  and  related  parts  that  affect  functioning,  should  insofar  as 
practicable,  avoid  using  bare  fingers  or  improper  equipment  In  order  a> 
prevent  damage,  corrosion,  or  deterioration  from  perspiration  or  other 
contaminating  deposits. 
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4.  The  exposure  of  explosive  materials  ami  related  parts  should  be 
so  controllea  as  to  minimize  the  absorption  of  moisture  from  the  atmo¬ 
sphere  or  other  sources  during  loading  and  handling  operations. 

5.  All  explosives  and  completely  or  partially  loaded  items  should 
be  stored  in  suitable  storage  magazines  located  in  accordance  with  the 
American  Table  of  Distances  (ATD)  or  other  applicable  safety  standards; 
and,  while  in  process,  in  safety  lockers  and  chests  if  in  loading  rooms, 
or  in  adequate  ready  or  service  magazines  located  in  accordance  with 
Intraplant  distances  when  outside  of  loading  rooms. 

6.  Proper  care  must  be  exercised  at  all  times  to  protect  personnel 
from  accidents,  fires  or  explosions,  and  to  limit  damage  to  equipment 
and  loading  areas.  In  this  connection,  the  precautionary  measures  in 
the  following  paragraphs  should  be  observed. 

a.  Employ  properly  proportioned  and  properly  located  protective 
barricades,  screens  or  shields  at  all  required  points. 

b.  Keep  only  minimum  limited  quantities  of  explosives  and  completed 
or  partially  loaded  parts  present  at  each  stage  of  operation. 

c.  Keep  explosives  and  explosive  parts  in  approved  covered  recep¬ 
tacles  with  covers  in  place  when  material  is  not  beino  taken  out  of  or 
put  into  the  receptacles.  Where  necessary,  receptacles  should  be  con¬ 
ductive  to  ground  electrostatic  charges. 

d.  Protect  operations  from  electrostatic  charnes  by  effectively 
groundinn  all  machinery,  equipment,  and  fixtures;  and,  where  necessary, 
employ  suitable  grounded  conductive  coverinos  for  floors,  work  benches 
and  tables,  and  workers'  conductive  shoes.  Workers'  clothinn  of  a  type 
to  minimize  the  accumulation  of  static  charges  should  be  employed. 

Fabrics  such  as  silk  and  nylon,  which  promote  static  charqe  oeneration, 
should  be  avoided.  Additional  grounding  devices,  such  as  grounded 
bracelets  for  workers,  should  be  ennloyed  where  operations  are  conducted 
with  items  that  are  unusually  sensitive  to  initiation  by  static  elec¬ 
tricity.  fuch  items  include  initiatino  explosives,  tracer  mixtures,  and 
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low-energy- type  electric  primers,  detonators,  and  squibs.  The  latter 
types  of  items  should  have  the  free  ends  of  lead  wires  bared  and  twisted 
together,  and  be  packed  in  relatively  small  groups  wrapped  in  bare  non¬ 
insula  ted  aluminum  foil  or  other  uncoated  metal  foil.  During  assembly 
and  processing  operations  such  sensitive  electric  items  should  be  short 
circuited  by  clips  or  other  devices  until  installed  with  safety  shunt  in 
the  final  device.  Additional  precautions  for  these  items  should  include 
mechanical  shieldino  to  contain  or  deflect  fragments  and  blast,  also 
electrical  shielding  of  these  items  from  induced  electric  currents 
generated  by  sources  such  as  lightning,  static  charges,  radiations  from 
coionuni cations  apparatus,  radar,  or  hinh  frequency  heating  apparatus, 
etc.  Where  necessary  for  safety,  humidity  of  workrooms  should  be  in¬ 
creased,  as  required,  to  lessen  electrostatic  effects  without  excessive 
moisture  absorption. 

e.  Protect  all  explosive  operations  from  effects  of  electric  cur¬ 
rent  originating  from  equipment  such  as  soldering  irons,  heaters, 
switches,  wiring,  motors,  lights,  test  instruments,  etc.,  by  suitable 
Insulation,  grounding,  separation,  or  shielding. 

f.  Enforce,  where  necessary,  the  wearing  of  suitable  safety  foot¬ 
wear,  gloves,  goggles,  respirators,  and  impregnated  garments  to  protect 
personnel  against  burns,  poisoning  and  associated  industrial  hazards. 

g.  Allow  no  fires  or  exposed  electrical  or  other  sparking  equipment, 
and  little  or  no  flammable  material  to  be  present  in  loading,  handling, 
and  storage  spaces.  Enforce  proper  "Match"  and  "No  Smoking"  rules  v/here 
necessary. 

h.  Enforce  good  housekeeping  and  maintain  effective  policing, 
inspection,  and  supervisory  methods  throughout  the  loading  area  and  sur¬ 
roundings.  Employ  effective  cleaning  methods  periodically  to  minimize 
the  accumulation  of  explosives  or  exolosive  dust  and  other  contamination 
upon,  and  assure  its  removal  from  floors,  walls,  ceil inns,  ledges,  tables, 
benches,  piping,  and  equipment  or  the  items  loaded:  also,  clean  up  any 


spilled  material  immediately.  Employ  an  adequate  ventilation  system  to 
prevent  an  accumulation  of  toxic  or  flammable  vapors  in  manuf acturi nq 
or  storage  areas. 
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1 .  SCOPE 

1.1  Purpose.  This  chapter  establishes  criteria  for  the  acceptance  of 
primary  explosives  for  use  In  Navy  weapons.  Initial  and  Intermediary 
charges  for  primers,  detonators,  relays,  electric  matches,  delays,  ex¬ 
plosive  bolts,  explosive  switches,  explosive  actuators,  explosive  valves, 
explosive  cutters,  and  explosive  pistons  are  Included  when  they  do  not 
qualify  under  either  Chapter  III  or  Chapter  V  of  this  document. 

1.2  Llml tatlon.  The  condition  of  having  satisfactorily  passed  the  tests 
described  herein  is  necessary  but  not  sufficient  for  a  primary  explosive 
material  to  be  approved  for  service  use.  Final  approval  for  use  In  wea¬ 
pons  must  be  obtained  from  the  Naval  Ordnance  Systems  Command  upon  satis¬ 
factory  completion  of  the  appropriate  tests  of  Chapter  II  of  this 
document. 

1.3  Applicability.  This  document  Is  to  be  applied  as  a  qualification 
standard  for  primary  explosives  and  not  as  a  procurement  or  quality  con¬ 
trol  standard.  It  Is  necessary,  however,  that  explosives  qualifying 
under  this  document  for  the  applications  of  paragraph  1.1  above  contain 
In  their  procurement  specifications  tests  to  assure  continued  control  of 
the  properties  as  delineated  In  this  standard.  When  such  tests  are  not 
Included,  the  requirements  of  this  standard,  at  the  discretion  of  the 
procuring  activity,  may  be  Invoked  to  demonstrate  that  the  explosive  as 
procured  still  qualifies  under  this  document. 

1.4  Applicable  Documents. 

1.4.1  Sped  fl  cations. 

JAN-P-408  Pentollte  50/50. 

MI L -L- 757  Lead  Styphate. 

MIl-L-3055  Dextrlnated  Lead  Azide. 

1.4.2  Reports. 

Applied  Mathematic  Panel  of  the  National  Defense  Research  Committee 
(AMP  Report  No.  101. 1R,  SR6-P  No.  40). 
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Naval  Ordnance  Laboratory.  The  Development  of  Impact  Sensitivity  Tests 
at  the  Explosives  Research  Laboratories,  Bruceton,  Penn.  During  the  Years 
1941-1945.  White  Oak,  Md.,  6  March  1956.  (NAVORD  Report  4236,  publica¬ 
tion  CONFIDENTIAL.) 

Naval  Ordnance  Laboratory.  The  Electrostatic  Spark  Sensitivity  of  Bulk 
Explosives  and  Metal /Oxidant  Mixtures,  by  R.  M.  H.  Wyatt.  White  Oak, 

Md.,  1  June  1969.  (NAVORD  Report  6632,  publication  CONFIDENTIAL.) 

Naval  Ordnance  Laboratory.  The  Electrostatic  Spark  Sensitivity  of  Various 
Organic  Explosives  and  Metal/Oxidant  Mixtures.  White  Oak,  Md.,  7  March 
1966.  (NOLTR  65-124,  publication  CONFIDENTIAL.) 

2.  TERMS  AND  DEFINITIONS 

2.1  Deflni tions.  The  following  specialized  terms  and  definitions  are 
applicable  to  the  requirements  of  this  document. 

2.1.1  Primary  Explosive.  For  the  purposes  of  this  document,  a  primary 
explosive  Is  a  single  explosive  compound  or  a  mixture  that  does  not  meet 
the  requirements  of  one  or  more  of  the  tests  specified  in  paragraphs  5.1, 
5.2,  5.3,  5.5,  5.7,  or  5.8  of  Chapter  III  of  this  document. 

2.1.2  Explosive  (Material).  As  used  herein,  the  term  "Explosive",  or 
"Explosive  Composition"  Implies  not  only  a  specific  composition,  but  a 
specific  particle  size  distribution,  purity,  and  process  of  manufacture. 
When  a  specification  includes  several  variants  as  indicated  by  types, 
grades,  classes,  etc.,  each  permutation  of  type,  grade,  class,  etc., 
shall  be  considered  to  be  a  different  explosive.  When  foreign  materials 
such  as  binders,  lubricants,  etc.,  are  added  at  the  point  of  loading, 
each  explosive  material  with  each  such  additive  in  each  proportion  will 
be  considered  to  be  a  different  explosive,  and  each  is  subject  to  the 
qualification  provisions  of  Sections  4  and  5. 

2.1.3  Candidate  Explosive.  As  used  herein,  the  term  "candidate  explo¬ 
sive"  Is  any  explosive  material  being  evaluated  in  accordance  with  this 
document. 
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2.1.4  Test.  As  used  herein,  the  term  "test"  Is  the  complete  series  of 
trials  or  replicates  specified. 

2.1.5  Trial .  The  term  "trial"  means  the  application  of  a  stimulus  to 
a  single  specimen  of  explosive. 

2.1.6  Representative  Sample.  Sampling  procedures  may  be  varied  to 
accomodate  circumstances.  However,  where  feasible,  part  of  each  repre¬ 
sentative  sample  shall  be  drawn  from  each  container  and  from  various 
locations  within  each  container.  The  sample  shall  not  be  blended  before 
use  in  tests. 

2.1.7  Sub-Sample.  Where  part  of  each  sample,  as  specified  above.  Is 
drawn  from  each  container  and/or  from  various  locations  within  each  con¬ 
tainer,  each  such  part  is  considered  to  be  a  "sub-sample". 

3.  GENERAL  REQUIREMENTS 

3.1  basic.  All  primary  explosives  used  in  weapons  must  meet  all  of  the 
mandatory  requirements  given  In  Section  4.  Each  explosive  material,  as 
defined  In  paragraph  2.1.2  must  meet  these  requirements.  In  addition. 
Section  5  gives  tests  to  provide  desirable  background  information. 

3.2  New  Compositions.  In  addition  to  passing  the  tests  described  in  the 
mandatory  requirements,  each  compound  or  mixture  proposed  for  use  as  a 
primary  explosive  shall  be  studied  for  the  possibility  of  reactions  with 
containers  or  contaminants,  or  phase  transitions  under  anticipated  con¬ 
ditions  of  use.  Experiments  shall  be  performed  to  determine  the  pro¬ 
bability  of  such  changes  and  their  effect  upon  stability  and  sensitivity 
as  determined  by  ‘ests  described  in  Section  4. 

3.3  explosives  Description  and  Analysis.  A  description  of  what  consti¬ 
tutes  the  explosive  (including  its  composition  analysis)  shall  be  pre¬ 
sented  when  applying  for  an  interim  qualification.  The  explosive  shall 

be  adequately  defined  and  shall  have  met  the  requirements  of  this  chapter. 
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|  ‘  3.4  Specimens,,  General  Requirements.  The  following  paragraphs  are  dir- 

|  ected  toward  the  preparation  of  specimens  of  each  candidate  explosive  in 

I  a  physical  or  chemical  state  similar  (as  is  practical  and  compatible  with 

test  procedures)  to  the  physical  and  chemical  state  in  which  the  candidate 
explosive  is  to  be  used.  Where,  within  the  latitude  of  the  requirements 
|  *  as  given,  it  is  necessary  to  exercise  judgement  regarding  specimen  pre- 

|  paration,  this  objective  shall  form  the  basis  of  such  judgement. 

I 

|  3.4.1  Sub-Samples.  To  the  extent  that  it  is  practical  and  feasible,  sub- 

|  samples  shall  be  kept  separate,  and  equal  numbers  of  specimens  for  each 

i  test  described  under  Mandatory  Requirements  (Section  4)  shall  be  drawn 

\  from  each  sub-sample  of  a  candidate  explosive. 

? 

j  4.  MANDATORY  REQUIREMENTS 

:  4.1  Vacuum  Thermal  Stability  and  Chemical  Decomposi tion  Test. 

•  A  100°C  vacuum  thermal  stability  and  chemical  decomposition  test 

1  shall  be  run  in  triplicate  on  a  composite  sample  of  the  candidate  primary 

explosive.  The  test  specimens  shall  be  held  at  the  100°C  temperature 
for  a  period  of  48  hours.  This  time  may  be  exceeded  but  no  candidate 
explosive  shall  be  considered  to  have  passed  the  requirements  of  this 
test  if  the  time  at  100°C  is  less  than  48  hours.  The  apparatus  and 
procedure  for  running  the  test  is  given  in  the  following  paragraphs. 

|  (Also  see  Specification  JAN-P-408.) 

4.1.1  Calibration.  Determine  the  volume  in  ml  or  the  1  *» .5  cm  heating 
j  tube  (Fig.  1-1)  by  adding  mercury  from  a  buret  until  tin'  tube  is  filled 

|  to  the  level  at  which  the  ground  glass  joint  of  the  capillary  tube  will 

1  make  contact  with  the  mercury.  Subtract  from  the  indicated  buret  read¬ 

ing,  the  volume  of  explosive  used  in  the  test  (0.1  ml).  The  difference 
shall  be  represented  by  the  symbol  A.  Transfer  7.0  ml  of  mercury  to  the 
cup  at  the  lower  end  of  the  capillary  tube.  Clamp  the  tube  in  an  up¬ 
right  vertical  position,  and  measure  the  height  in  mm  of  the  mercury 
column  in  the  capillary  tube  (approximately  25  mm).  Measure  the  length 
in  mm  of  each  of  the  3  parts  of  the  capillary  tube  and  add  these  values 
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to  obtain  total  length.  From  the  total  length  subtract  the  height  of 
the  mercury  column  in  the  capillary  tube  as  previously  obtained.  Repre¬ 
sent  this  difference  by  the  symbol  Bj.  From  the  total  length  subtract 
the  height  of  the  column  of  mercury  in  the  capillary  tube  measured  at 
the  end  of  the  test  described  in  paragraph  4.1.2.  Represent  this  differ¬ 
ence  by  the  symbol  B.  Determine  the  capacity  of  the  capillary  tube  per 
unit  of  length  as  follows:  Transfer  an  accurately  weighed  sample  of 
approximately  10  grams  of  mercury  to  the  cup  at  the  lower  end  of  the 
capillary  tube.  Manipulate  the  tube  so  that  when  it  is  horizontal  mercury 
is  contained  in  the  continuous  section  of  the  longest  part  of  the  tube, 
and  measure  the  length  of  the  mercury  column.  Repeat  this  procedure 
twice  with  the  mercury  in  2  other  parts  of  the  long  section  of  the  tube. 
Calculate  the  average  of  the  3  measured  lengths  of  the  mercury  column. 
Represent  the  unit  capacity  in  ml  per  mm  of  the  capillary  tubing  by  the 
symbol  C.  This  can  be  obtained  from  the  formula 


where 

C  «  unit  capacity  of  capillary  tubing  in  ml  per  nm 
W  «  grams  of  mercury 

D  ■  density  of  mercury  at  temperature  of  determination 
L  ™  average  measured  lengths  of  mercury  column  in  nm. 

4.1.2  Test  Procedure.  Transfer  a  0.2  t  0.001  gm  sample,  dried  at  65°C 
for  2  hours,  to  the  heating  tube  of  the  apparatus  shown  in  Fig.  1-1. 
Connect  the  capillary  tube  to  the  heating  tube  and  seal  the  connection 
with  1  ml  of  mercury.  Clamp  the  apparatus  so  that  the  long  section  of 
the  capillary  tube  is  in  a  nearly  vertical  position  and  the  lower  end 
rests  on  a  solid  support.  Transfer  7.0  ml  of  mercury  to  the  cup  at  the 
lower  end  of  the  capillary  tube  and  evacuate  the  system  until  the  pres¬ 
sure  is  reduced  to  approximately  5  mm  of  mercury.  Disconnect  the  pump 
and  measure  the  total  vertical  height  of  the  column  of  mercury  in  the 
capillary  tube.  Measure  and  subtract  the  vertical  height  of  the  mercury 


in  the  cup.  The  difference  shall  be  represented  by  the  synbol  Hj.  Note 
the  room  temperature  (tj)  and  the  barometric  pressure.  Subtract  the 
value  H-|  from  the  barometric  pressure  in  mm.  Represent  this  difference 
by  the  synfcol  Pj.  Insert  the  heading  tube  in  a  constant  temperature 
bath  maintained  at  100  i  0.5°C.  Maintain  the  heating  tube  at  temperature 
for  48  hours.  Remove  the  heating  tube  from  the  bath  and  allow  it  to 
cool  to  room  temperature.  Measure  the  total  vertical  height  of  the 
column  of  mercury  in  the  capillary  tube  and  subtract  the  vertical  height 
of  the  mercury  in  the  cup.  This  difference  shall  be  represented  by  the 
symbol  H.  Note  the  room  temperature  (t)  and  the  barometric  pressure. 
Subtract  the  value  H  from  the  barometric  pressure  in  mn.  Represent  this 
difference  by  the  synbol  P.  Remove  the  heating  tube  and  the  sairple  from 
the  capillary  tube  and  retain  for  the  tests  of  paragraph  4.1.4. 

4.1.3  Calculation  of  Gas  Evolved.  Calculate  the  volume  of  gas  (V)  in  ml, 
at  standard  conditions,  liberated  in  the  test  described  in  paragraph  4.1.2 
using  the  value  represented  by  the  symbols  described  In  the  preceding 
paragraphs  in  the  following  formula: 

V  3  |/\  +  C(8  -  H)  -  |*  +  0(1^  -  Hj) 

4.1.4  Analysis.  A  chemical  and/or  physical  analysis  shall  be  made  of 
the  material  remaining  in  the  heating  tube  to  determine  quantitatively 
the  degree  of  chemical  decomposition  that  has  occurred  in  the  test. 

Since  no  single  analytical  procedure  can  be  given  for  all  primary  explo- 
sivo,  it  will  be  the  responsibility  of  the  organization  proposing  the 
candidate  primary  explosive  to  provide  a  procedure  meeting  the  approval 
of  the  Naval  Ordnance  Systens  Command.  The  proposed  procedure  shall  be 
capable  of  detecting  not  less  than  a  0.075  percent  degradation  in  the 
primacy  explosive  or  any  of  its  major  constituents  if  the  primary  ex¬ 
plosive  is  a  mixture. 


OD  44811 


4. 1.4.1  The  tests  of  paragraph  4.1.4  may  be  waived  if,  to  the  satis¬ 
faction  of  the  Naval  Ordnance  Systems  Command,  it  is  shown  that  the  de¬ 
composition  of  each  0.1  gram  of  candidate  primary  explosive  will  be 
accompanied  by  the  liberation  of  at  least  2  ml  (at  STP)  of  permanent 
gas. 

4.1.5  Qualification  Criterion.  The  volume  of  gas  evolved  as  calculated 
under  paragraph  4.1.3  shall  be  divided  by  the  weight  of  the  sample.  This 
figure  yields  the  ml  of  gas  evolved  per  gram  per  48  hours.  To  be  accept¬ 
able  as  a  primary  explosive,  none  of  the  triplicate  samples  shall  yield 
a  value  of  more  titan  2.0  ml  gas/gram/48  hours. 

4. 1.5.1  In  those  cases  where  the  test  of  paragraph  4.1.4  applies,  the 
candidate  primary  explosive  shall  be  considered  acceptable  if  not  more 
than  0.1  percent  degradation  has  occurred  in  the  explosive  or  any  of  its 
major  constituents. 

4.2  Impact  Sensitivity. 

A  dry  representative  sample  of  a  candidate  primary  explosive  shall 
be  subjected  to  an  impact  sensitivity  test  using  ERL  type  12  tools  as 
described  in  NAVORO  Report  4236.  The  results  shall  be  compared  with 
results  for  normal  load  styphnate  (Specification  MIL-L-757)  and  dextri- 
nated  lead  azide  (Specification  MIL-L-3055)  obtained  at  approximately 
the  same  time  and  using  the  same  apparatus  and  procedures. 

4.2.1  Sample  Preparation.  Granular  primary  explosives  shall  be  tested 
in  the  loose,  as  prepared  condition,  after  drying  to  constant  weight  at 
65°C.  Primary  compositions  with  binders  and  solvents  or'  with  curing 
binders  shall  be  dried,  then  ground  in  a  ball  mill  using  a  dispersing 
fluid  In  which  none  of  the  ingredients  including  the  binder  are  soluble, 
and  finally  heated  to  constant  weight  at  65°C. 

4.2.2  Tost  Procedure.  Place  a  35  .»  1  mg  sample  of  the  candidate  primary 
explosive  on  the  rough  side  of  a  piece  of  No.  05  sandpaper  which  is  sup¬ 
ported  on  the  steel  anvil  shown  in  Fig.  1-2.  Place  the  hardened  steel 
striker,  Fig.  1-3,  over  the  sample  of  explosive  resting  on  the  sandpaper 
and  anvil.  Drop  a  2-1/2  kilogram  steel  weight  from  a  height  of  50  cm  in 
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a  frictionless  guided  drop  so  that  it  impacts  the  striker  centrally. 

Note  whether  the  response  of  the  explosive  is  positive  (explosion,  burn¬ 
ing,  or  other  evidence  of  reaction)  or  negative.  If  the  response  is 
positive,  reduce  the  height  of  the  next  drop  by  50%;  if  negative,  in¬ 
crease  the  height  by  100%  and  proceed  until  a  region  is  found  where  a 
50  trial  Bruceton  test  can  be  run.  The  test  shall  be  run  following  the 
procedure  of  AMP  Report  No.  101. 1R,  Statistical  Research  Group,  Princeton 
University  1944,  using  logarithmic  step  sizes  of  approximately  1  standard 
deviation  of  the  mean. 


4.2.3  Qualification  Criterion.  There  is  no  qualification  criterion  for 
this  test.  The  test  results  shall  be  reported  along  with  those  for  normal 
lead  styphnate  and  dextrinated  lead  azide.  (A  normal  range  for  these 
compounds  shall  have  been  obtained  at  the  time  of  testing  the  explosive 
to  be  qualified.) 


4.3  Electrostatic  Sensitivity. 

A  dry  representative  sample  of  a  candidate  primary  explosive  shall 
be  subjected  to  an  electrostatic  sensitivity  test  using  the  apparatus 
described  In  NAV0RD  Report  6632  and  N0LTR  65-124  and  using  the  procedure 
described  in  N0LTR  65-124.  The  test  shall  be  run  for  both  electrodes  of 
metal  and  for  the  base  electrode  of  conductive  rubber.  The  results  shall 
be  compared  with  those  for  normal  lead  styphnate  (MIL-l-757)  and  dextri¬ 
nated  lead  azide  (MIL-l-3055). 

4.3.1  Sample  Preparation.  Granular  primary  explosives  shall  be  tested 
in  the  loose,  as  prepared  condition  after  drying  to  constant  weight  at 
60°C.  Primary  compositions  with  binders  and  solvents  or  with  curing 
binders  shall  be  dried,  then  ground  In  a  ball  mill  using  a  dispersing 
fluid  in  which  none  of  the  ingredients  including  the  binder  are  soluble, 
and  finally  heated  to  constant  weight  at  65°C. 

4.3.2  Test  Procedure.  Place  approximately  15  mg  of  the  explosive  in  the 
phenolic  holder  and  position  on  the  base  electrode.  Rotate  the  charge/ 
discharge  knob  to  charge  the  capacitor  to  the  full  7,500  volt  apparatus 
limit  and  hold  in  position  until  the  voltmeter  shows  that  the  potential 
is  reached.  Rotate  the  charge/discharge  knob  to  discharge  the  capacitor 
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through  the  sample.  Using  only  the  voltage  steps  given  below,  repeat 
the  procedure  until,  for  each  capacitor  size,  the  highest  voltage  at 
which  twenty  out  of  twenty  samples  do  not  fire  Is  determined.  The  test 
shall  be  run  for  each  capacitor  size  and  for  each  electrode  condition, 
i.e.,  base  electrode  metal  and  base  electrode  conductive  rubber. 

Voltage  Steps  Capacitor  Sizes 


250 

1 

mfd 

500 

0.1 

mfd 

1,000 

0.01 

mfd 

1,500 

0.001 

mfd 

3,000 

4,500 

6,000 

7,500 

4.3.3  Definition  of  Fire.  For  the  purpose  of  paragraph  4.3.2  a  fire 
shall  be  defined  as  any  audible  report  or  noise  that  can  be  distinguished 
from  the  noise  of  the  spark  and/or  any  visible  smoke  or  flame  emitted 
from  the  sample. 

4.3.4  Qualification  Criterion.  There  Is  no  qualification  criterion  for 
this  test.  The  test  results  shall  be  reported  along  with  those  for  normal 
lead  styphnate  and  dextrinated  lead  azide  obtained  using  the  same  apparatus 
and  procedure  and  run  at  the  same  time. 

4.3.5  Special  Requirements. 

4. 3. 5.1  Relative  Humidity.  The  test  must  be  run  with  ambient  relative 
humidity  not  exceeding  40%.  Humidity  shall  be  determined  by  wet  and  dry 
bulb  hygrometry  or  by  instruments  of  equal  or  better  accuracy  and  pre¬ 
cision. 

4.3.5. 2  Electrode  Replacement.  The  upper  (needle)  electrode  shall  be 
replaced  after  it  has  been  used  In  ten  trials,  after  any  trial  In  which 
a  fire  is  obtained,  whenever  tests  of  a  new  explosive  are  started,  or 
when  any  other  condition  dictates,  whichever  circumstance  occurs  first. 
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4.4  Compatibility  With  Materials  of  Construction. 

4.4.1  Discussion.  On  the  surface  the  mandatory  requirement  on  thermal 
stability  is  disarmingly  simple.  This  is  because  a  single  thermal  sta¬ 
bility  test  will  not  be  feasible  for  all  primary  explosives.  Some  pri¬ 
mary  compositions  may  not  be  amenable  to  any  thermal  stability  test  that 
does  not  Include  a  performance  requirement.  Categorize  the  primary  ex¬ 
plosives  on  the  basis  of  their  reaction  products  into  gassy  materials 
and  "gasless"  materials.  As  implied,  the  gassy  materials  produce  much 
gas  on  decomposition;  the  "gasless"  materials  very  little  gas.  Each  of 
the  two  categories  may  be  further  subdivided: 


Gassy  Materials 

a.  Single  Compounds 

b .  Mi xtures 


Examples 

Lead  Styphnate,  lead  azide 
NOL  130,  NOL  60,  FA  878 


"Gasless"  Materials 

a.  Single  Compounds 

b.  Mixtures 


Examples 

Silver  acetyl ide 

Z1 rconium/potassium  perchlorate, 
A-1A 


In  general,  the  gassy  mat&rials  are  used  in  detonating  systems;  the 
gasless  materials  in  delay  trains,  explosive  switches,  igniters,  and 
some  1  amp/1  watt  no  fire  devices. 

Testing  for  the  gassy  materials  usually  is  not  difficult.  A  vacuum 
thermal  stability  test  can  be  run  on  the  compound  or  mixture.  It  should 
be  noted,  however,  that  running  the  test  on  individual  ingredients  of  a 
mixture  can  be  misleading  if  results  are  Improperly  interpreted.  For 
example,  NOL  130  and  NOL  60  compositions  are  thermally  stable,  but 
tetracene,  a  constituent  of  both  mixes,  is  Itself  not  thermally  stable. 

The  "gasless"  materials  pose  quite  a  problem.  It  is  likely  that  a 
performance  test  will  be  necessary  for  them.  A  single  performance  test 
may  not  suffice  because  different  compositions  may  be  compounded  for 
quite  different  uses,  i.e.,  stab  action  or  hot  wire  action.  Testing  for 
some  other  property  may  r.ot  be  applicable. 
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4.4.2  Gassy  Materials.  Mix  proposed  explosive  and  material  and  subject 
to  the  100°C  VTS  test  given  in  paragraph  4.1. 

4.4.3  Gas less  Materials.  Mix  proposed  explosive  and  material,  subject 
to  100°C  for  48  hours  and  conduct  appropriate  chemical  analysis  and 
performance  tests. 

5.  DESIRABLE  BACKGROUND  INFORMATION 


In  addition  to  mandatory  requirements,  all  available  l ackground 
information  should  be  obtained  on  a  new  primary  explosive  prior  to  use. 
This  type  of  information  includes  the  following: 

5.1  Detonation  Velocity. 

Assemble  the  test  equipment  as  shown  in  Fig.  I-*1*  and  1-5.  Press 
the  primary  explosive  so  that  it  reaches  a  uniform  density  of  90-95% 
theoretical  maximum  density  (TMD).  Conduct  five  identical  tests  and 
record  the  detonation  velocity  in  meters/second  and  the  measured  density. 

5.2  Density. 

Use  any  standard  method  of  determining  density  on  three  samples 
pressed  at  20,000  ±  500  psi. 


5.3  Priming  Ability. 

Load  200  mg  of  RDX  in  the  base  of  the  cup  as  shown  in  Fig.  1-6  and 
press  to  10,000  psi.  Place  100  mg  of  the  proposed  priming  composition 
loosely  on  tcp.  Position  safety  fuze  as  shown  in  Fig.  1-6  on  top  of 
primary  composition;  use  sufficient  fuze  (120  sec/yd)  to  retire  to  a 
safe  position.  Light  the  safety  fuze  with  a  match  and  remain  in  a  safe 
position  until  after  explosion.  Measure  the  depth  of  the  dent  in  the 

stq^plate.  If  it  exceeds  _ inches*,  reduce  the  primary  charge  by 

15;'mg  and  repeat  test.  If  it  is  less  than _ inches*,  increase  the 

primary  charge  by  15  mg  and  repeat  test.  Repeat  this  procedure  increasing 


Values  to  be  determined. 


FIS.  1-4.  Ditonttlon  Velocity  Twt 


FIG.  7-5.  Probe  Construction 
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1.  200  «n*  RDX  PRESSED  AT  10.000  PSI 

2.  PRIMARY  EXPLOSIVE  BEING  EVALUATED.  LOOSE 

3.  PLASTIC  IOR  WOOD!  HOLDER  FOR  SAFETY  FUZE 

4.  SAFETY  FUZE.  120  SEC/YD 

r>  PMMA  HOLDER.  1.0  IN.  OD  X  0.2*16  IN.  ID 

6.  1020  STEEL  PLATE.  1.0  IN.  DIAMETER  X  0.6  IN.  THICK 
ROCKWELL  0  70-96 

7.  GILDING  METAL  CUP.  0.276  IN.  00  X  0.26  IN.  10  X 
1.6  IN.  LONG 

FIG.  1-6.  Typical  Arrangement  for 
Priming  Ability  Tests. 
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or  decreasing  each  succeeding  primary  charge  by  15  mg  until  a  legitimate 
30  trial  Bruceton  run  is  obtained.  Calculate  the  50%  priming  charge 
weight  and  standard  deviation. 

5.4  Dent  Output. 

Make  five  test  Items  as  described  in  paragraph  5.3,  replacing  all 
explosive  charges  (both  RDX  and  primary)  with  300  mg  of  the  primary  ex¬ 
plosive  only,  pressed  at  10,000  psi .  Initiate  with  safety  fuze  and 
measure  dent  depth  in  steel  plate.  Calculate  and  record  the  average 
of  5  tests. 

5.5  Dead  Pressing  Susceptibility. 

Repeat  paragraph  5.4  Increasing  the  pressure  loading  as  follows: 

5  at  20,000  psi,  5  at  30,000  psi,  5  at  40,000  psi,  etc.,  until  the  dent 
value  falls  by  at  least  50%  or  100,000  psi  Is  reached,  whichever  occurs 
first. 

5.6  Solubility  in  Mater. 

Use  any  standard  method  to  determine  solubility  in  water. 

5.7  Hot  Wire  Ini tl ability. 

Bridge  60  P-12  plugs  with  a  0.0005  nichrome  wire.  Attach  a  charge 
holder  with  a  0.1 -inch- diameter  charge  hole  and  press  in  20  mg  of  the 
primary  explosive  at  5,000  psi.  Fire  30  plugs  in  a  continuous  constant 
current  Bruceton  test  (current  applied  for  10  seconds,  current  constant 
to  ±  2%)  and  30  in  a  capacitor  discharge  Bruceton  test  using  a  0.1  mfd 
capacitor  and  0.03  log  unit  voltage  steps.  Repeat  using  60  plugs  with 
0.001  diameter  nichrotre  wire.  Record  the  nunber  of  detonations  for  each 
test  condition  and  calculate  the  means  and  standard  deviations. 

5 . 8  Stab  Ini ti ability. 

Load  50  Mk  102  Mod  1  primer  cups  with  the  primary  explosive  pressed 
at  20,000  psi.  Determine  sensitivity  using  the  Bruceton  method  and  the 
Mk  136  test  set.  Repeat  with  explosive  loaded  at  80,000  psi. 
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5.9  Differential  Thermal  Analysis  (OTA). 

Run  a  standard  DT4  using  a  heating  rate  of  25°C/minute.  Report  the 
curve  obtained  showing  tenrperatures  of  all  exotherms  and  endotherms  to¬ 
gether  with  sample  size  and  Identification. 

5.10  Cook-off  Temperature. 

Using  a  standard  melting  point  bar*  determine  the  lowest  temperature 
at  which  approximately  5  mg  samples  of  the  primary  explosive  flash-off. 

5.11  Friction  Sensitivity. 

To  be  determined. 

5 .12  Suggested  loading  Procedure. 

Suggested  loading  procedures  for  the  explosive  being  qualified  will 
be  prepared  and  submitted  to  the  Naval  Ordnance  Systems  Command  for 
approval . 
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Primary  explosives  are  by  their  nature,  sensitive  materials  which 
may  explode  in  a  system  outside  of  the  usual  functioning  mode.  Hence 
out-of-line  or  Interrupter  systems  are  used  to  provide  for  adequate 
safety.  Therefore,  final  qualification  of  components  containing  pri¬ 
mary  explosives  will  be  made  on  the  basis  of  their  behavior  in  the  sys¬ 
tem  of  which  they  are  a  part.  Usually,  however,  primary  explosives 
containing  components  are  subjected  to  the  appropriate  tests  of  MIL-STD- 
331;  these  include  jolt,  jumble,  transportation  vibration,  40-foot  drop, 
and  the  temperature-humidity  cycle. 

It  is  necessary,  however,  for  explosives  qualifying  under  this 
publication  to  contain  in  their  procurement  specifications  a  sufficient 
number  of  the  tests  described  in  Chapters  I  and  II  to  assure  continued 
quality  control  of  any  of  the  properties  described.  The  procuring 
activity  may  Invoke  the  requirements  of  this  document  at  their  discre¬ 
tion  to  ascertain  If  the  explosive,  as  procured,  still  qualifies. 

The  quality  control  provisions  of  the  procurement  specification  must 
also  be  reviewed  to  determine  whether  they  adequately  define  the  material 
evaluated  for  qualification  and  assure  that  the  stability  and  sensitivity 
characteristics  of  the  explosive  will  continue  to  meet  the  criteria  of 
this  document. 

There  are  no  other  requirements  for  the  primary  explosive  per  se 
for  final  qualification. 
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1.  SCOPE 

1.1  Purpose .  This  chapter  establishes  criteria  for  the  selection  and 
acceptance  of  explosives  for  use  in  fuze  components  so  located  that  their 
detonation  would  normally  be  coiranunicated  to  the  main  explosive  charge  of 
a  fuzed  weapon  when  the  fuze  is  In  the  armed  or  unarmed  condition.  Ex¬ 
plosives  used  in  leads,  relays,  detonating  cord,  and  boosters  are  In¬ 
cluded  when  so  located  with  respect  to  the  Interrupter. 

1.2  Applicability.  This  document  is  to  be  applied  as  a  qualification 
standard  for  booster  explosives  and  not  as  a  procurement  or  quality  con¬ 
trol  standard.  It  is  necessary,  however,  that  explosives  qualifying 
under  this  document  for  the  applications  of  paragraph  1.1,  contain  in 
their  procurement  specifications  sufficient  tests  described  herein  to 
assure  continued  control  of  the  properties  which  this  document  is  designed 
to  measure.  When  such  tests  are  not  Included,  the  requirements  of  this 
document,  at  the  discretion  of  the  procuring  activity,  may  be  invoked  to 
demonstrate  that  the  explosive  as  procured  still  qualifies. 


2.  APPLICANT  DOCUMENTS 


2.1  Specifications  and  Standards.  The  following  documents  of  the  latest 
issue  form  a  part  of  these  requirements. 


SPECIFICATIONS  -  FEDERAL 
U-T-lOfi 


QQ-A-2S0/1C 

TT-P-320a 

QQO-326 

QQ-S-698 

SPEC!! (CATIONS  -  MILITARY 


Tape,  Pressure-Sensitive  Adhesive, 
Paper,  Drafting. 

Aluminum  Alloy  1100,  Plate  and  Sheet. 

Pigment,  Aluminum,  Powder  and  Paste, 
for  Paint. 


Brass. 

Stoel,  Sheet  and  Strip,  Low  Carbon. 


JAN-P-408 
M1L-A-512A 
MU. -L- 3055 


Pentolite  50/50. 
Aluminum  Powder. 
Dextrina ted  Lead  Azide. 


2.3  Reports . 

Naval  Ordnance  Laboratory.  Standardization  of  the  Small  Scale  Gap  Test 
Used  to  Measure  the  Sensitivity  of  Explosives  by.  H.  Ayres.  White 
Oak,  Md. ,  16  January  1%1.  (NAVW.PS  Report  IW? .) 

Naval  Ordnance  Laboratory.  VARICOMP:  A  Method  for  Determininp  Detona¬ 
tion  -  Transfer  Probabilities,  by  J.  N.  Ayres,  L.  D.  Hampton,  et  al . 
White  Oak,  Md.,  30  June  1961.  (NAVUEPS  Report  7411.) 
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Naval  Ordnance  Laboratory.  The  Development  of  Imoact  Sensitivity  Tests 
at  the  Explosives  Research  Laboratories,  Bruceton,  Penn.  During  the 
Years  1941-1945.  White  Oak,  Md.,  6  March  1956.  (NAVORD  Report  4236, 
CONFIDENTIAL.) 

3.  TERMS  AND  DEFINITIONS 

3.1  Terroi nolony .  Standardized  terminology  is  used  in  this  document  in 
accordance  with  the  definitions  of  MIL-STD-444  and,  more  particularly, 

MIL -STD- 320. 

3.2  Definitions.  The  following  specialized  terms  and  definitions  are 
applicable  to  the  requirements  of  this  document. 

3.2.1  Booster  Explosive.  As  used  herein,  a  "Booster  Explosive"  is  de¬ 
fined  as  an  explosive  acceptable  for  fuze  components  whose  detonation 
would  normally  be  coi'irumicated  to  the  main  charae  explosive  of  a  fuzed 
weapon  when  the  fuze  is  In  either  armed  or  an  unarmed  condition.  This 
will  Include  explosives  used  in  leads,  relays,  detonating  cord,  and  other 
components  used  on  the  warhead  side  of  the  interrupter. 

3.2.2  Explosive  (Material).  The  term  explosive  or  explosive  material, 
referring  to  a  compound  or  composition  being  Investioated  for  qualifi¬ 
cation  in  accordance  with  this  document,  denotes  a  specific  composition 
with  r.inues  specified  which  have  been  covered  by  the  safety  tests  of 
this  document.  Whenever  changes  in  particle  size,  purity,  process  of 
manufacture,  made,  class,  or  any  other  modification  is  made,  it  shall 
bo  established  that  safety  is  not  compromised  and  determination  of 
whether  th°  composition  becomes  a  new  composition  requirinn  a  complete 
*crun  of  the  qualification  will  be  made  jointly  Ly  the  qualifying  group 
with  the  approving  Department,  of  Defense  office  from  the  cognizant  service. 

3.2.3  Candidate  Explosive.  As  used  herein,  the  term  "candidate  explo¬ 
sive”  is  any  explosive  material  be inn  evaluated  in  accordance  with  this 
document . 


3.2.4  Test.  As  used  herein,  the  term  "test"  is  the  complete  series  of 
trials  or  replicates  specified. 

3.2.5  Trial .  The  term  "trial"  means  the  application  of  a  stimulus  to 
a  single  specimen  of  explosive. 

3.2.6  Representative  Sample.  Sampling  procedures  may  be  varied  to 
accommodate  circumstances.  However,  where  feasible,  part  of  each  repre¬ 
sentative  sample  shall  be  drawn  from  each  container  and  from  various 
locations  within  each  container.  The  sample  shall  not  be  blended  before 
use  in  tests. 

3.2.7  Sub-Sample.  Where  part  of  each  sample,  as  specified  above,  is 
drawn  from  each  container  and/or  from  various  locations  within  each  con¬ 
tainer,  each  such  part  is  considered  to  be  a  "sub-sample". 

4.  GENERAL  REQUIREMENTS 

4.1  Basic.-  All  explosives  used  in  fuzes. in  direct  communication  with 
main  explosive  charges  shall  have  met  all  of  the  mandatory  requirements 
given  in  Section  5.  Each  explosive  material,  as  defined  in  paragraph 
3.2.2,  shall  meet  those  requirements. 

4.2  Hew  Compositions.  In  addition  to  passing  the  tests  preset ibed  in 
the  mandatory  requirements,  each  compound  or  mixture  proposed  for  use 

as  a  booster  explosive  shall  be  studied  for  the  possibility  of  reactions 
with  containers  or  contaminants  or  phase  transitions  under  anticipated 
conditions  of  use.  Experiments  shall  be  performed  to  determine  the  pro¬ 
bability  of  such  changes  and  their  effect  upon  sensitivity  as  determined 
by  tests  described  in  Section  5. 

4.3  Explosive  Description  and  Analysis.  A  description  of  what  consti¬ 
tutes  the  explosive  (including  its  composition  analysis)  shall  be  pre¬ 
sented  whan  applying  for  an  interim  qualification.  The  explosive  shall 
be  adequately  defined  and  shall  have  met  the  requirements  of  this 
chapter. 


ou  mu 


4.4  Specimens,  General  Requirements.  The  following  paragraphs  and  the 
more  specific  requirements  for  specimen  preparation  for  specific  tests 
under  Section  f>  ore  directed  toward  the  preparation  of  specimens  of  each 
candidate  explosi  ve^'in  a  physical  or  chemical  state  similar  (as  is  prac¬ 
tical  and  compatible  with  test  procedures)  to  the  physical  and  chemical 
state  in  which  the  candidate  explosive  is  to  be  used.  Where  within  the 
latitude  of  the  requirements  as  given  it  is  necessary  to  exercise  judg¬ 
ment  regarding  specimen  preparation,  this  objective  shall  form  the  basis 
of  such  judgment. 

4.4.1  Sub-Samples .  To  the  extent  that  it  is  practical  and  feasible, 
sub-samples  shall  be  kept  separate,  and  equal  numbers  of  specimens  for 
each  test  described  under  Mandatory  Requirements  shall  be  drawn  from 
each  sub-sample  of  a  candidate  explosive. 

4.4.2  Granular  Explosives.  For  each  test  described  under  Mandatory 
Requirements,  a  procedure  is  described  for  the  preparation  of  specimens 
from  granular  explosives.  These  procedures  are  applicable  to  pure  crys¬ 
talline  explosives  and  granular  explosive  mixtures,  including  plastic 
bonded  explosives,  which  are  normally  formed  by  pressing  at  temperatures 
below  the  melting  point’  of  the  binder  and  at  which  the  binder  does  not 
undergo  a  chemical  change  (such  as  curing)  as  part  of  the  fabrication 
process . 

4.4.3  Cast,  Molded,  and  txtruded  Explosives.  For  each  of  the  tests 
described  in  the  Mandatory  Requirements,  the  dimensions  of  the  specimen 
required  for  each  trial  are  given  either  in  the  test  or  a  referenced 
drawing  where  necessary.  Where  the  dimensions  of  a  specimen  to  be  used 
in  a  specific  test  are  compatible  with  fabrication  procedures  for  which 
tiie  candidate  explosive  is  intended,  such  procedures  shall  be  used  in 
specimen  preparation.  V!h.:re  intended  fabrication  procedures  are  only 
feasible  for  charges  »'.»ry  much  larger  than  the  specimens  specified  herein, 
these  procedures  shall  be  used  to  form  billets  of  the  candidate  explosive 
from  which  test  specimens  can  then  be  machined.  Specimens  for  each  test 
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dcjrr;bed  shall  be  made  from  material  taken  at  each  of  several  locations 
with  respect  to  the  principal  dimensions  of  the  billets  from  which  they 
are  machined. 

4.4.3. 1  Other  Sampling  Requirements.  When  billets  are  machined,  the 
uncontaminated  chips,  shavings,  or  dust  resulting  can  be  saved  and  used 
as  specimens  in  tests  such  as  the  vacuum  stability  test  (paragraph  5.4) 
and  the  electrostatic  sensitivity  test  (paragraph  5.7)  in  which  the  tests 
are  performed  on  loose  powder,  and  hot  wire  ignition  test  (paragraph 
5.5)  in  which  a  finely  divided  powder  is  used.  In  general,  except  as 
noted  in  the  Mandatory  Requirements,  materials  to  be  used  in  these  tests 
shall  be  used  in  the  "as  received"  state  except  for  drying.  However, 
explosives  which  have  thermosetting  or  other  binders  which  undergo 
chemical  changes  in  the  process  of  "curing"  should  be  cured  before 
testing.  In  tests  where  loose  powders  are  used,  particle  size  shall  be 
reduced  to  the  point  where  all  material  passes  through  a  LI.  S.  Standard 
No.  12  screen.  Such  screening  shall  not  result  in  separation  or  loss  of 
material  too  coarse  to  pass  the  screen. 

5.  MANDATORY  REQUIREMENTS 

5 . 1  Small  Scale-  Gap  Test  (SSGT). 

A  representative  sample  of  the  proposed  new  booster  explosive  shall 
he  subjected  to  the,  standardized  SSGT  as  described  in  NAVWEPS  Report 
7342  and  the  following  paragraphs. 

5.1.1  Loading  and  Calibration  of  Donor  Assemblies.  Twenty- five  donor 
assemblies  shall  be  prepared  in  accordance  with  Fig.  3-1  (Drawing 
2426913).  Five  of  these  donors  shall  be  selected  at  random,  assembled 
In  the  test  fixture  shown  in  Tig.  3-2,  and  fired  againt  the  block  by 
initiation  of  the  detonator  with  a  50  volts  DC  (minimum)  20  amperes 
(minimum)  power  supply.  To  be  acceptable  for  use  in  the  sensitivity 
test,  the  average  depth  of  dent  produced  In  the  block  by  trie  five  repre¬ 
sentative  donors  must  be  between  60  and  65  mils  and  the  standard  devia¬ 
tion  must  not  exceed  4.0  mils.  Each  block  shall  be  used  only  once  and 
the  measurement  of  the  indentation  depth  shall  be  made  in  accordance 
with  paragraph  5.1.6. 


3-7 


1.000  INCH  01 A 
REF 


CHARGE- 


1X00  INCH 
REF 


RD«t,  MIL-R-0O3M,  SEVEN  105  mg  INCREMENT r  PRESSED 
AT  10.000  PSI.  MOISTURE  CONTENT  AT  TIME  OF  LOADING 
NOT  TO  EXCEED  0.3%.  A  MINIMUM  OF  4  HOURS 
DRYING  TIME  AT  50*  C  UNDER  28.5  INCH  MERCURY 
VACUUM  JUST  PRIOR  TO  LOADING. 


A 


* 


FIG.  3-1.  Donor  Assemblies 


5*1*2  Preparation  of  Acceptor  Specimens  (Granular  Explosives).  The 
explosive  shall  be  loaded  in  eight.  equal  weioht  increments  at  16,000 
1,000  psi.  The  first  trial  loadino  shall  be  with  increment  weights  in 
milligrams  of  90  times  the  theoretical  specific  gravity  of  the  explosive. 
The  acceptor  body  (Fin.  3-3)  shall  be  weighed  before  and  after  loading. 

If  all  eight  increments  fit  in  the  acceptor  body  with  room  to  spare, 
measure  the  remaining  unloaded  column  height  and  adjust  the  weight  of 
each  Increment  to  meet  the  tolerance  shown  in  Fig.  3-3  (Drawing  2426914). 
Load  another  test  body  to  assure  that  the  drawing  tolerance  has  been 
met.  When  the  adjustment  is  satisfactory,  load  the  acceptor  bodies  to 
form  a  total  of  20  acceptors  meetinn  the  tolerance  shown  in  Fig.  3-3. 

The  acceptors  shall  be  weighed  before  and  after  loadino  and  each  indi¬ 
vidual  charge  density  determined  and  accurately  reported  to  three  decimal 
places.  If  in  loading  the  first  test  body  all  eioht  increments  do  not 
fit  into  the  acceptor  body,  adjust  the  individual  increment  weight  based 
on  the  actual  weight  oT  explosive  contained  In  the  body  and  proceed  to 
adjust  and  load  until  20  acceptors  meetinn  the  tolerance  shown  in  Fig.  3-3 
are  obtained.  Acceptors  shall.be  weighed  before  and  after  loading,  and 
each  individual  charge  density  determined  and  accurately  reported  to 
three  decimal  places. 

5.1.3  Preparation  of  Acceptor  Specimens  (Cast,  Molded,  and  Extruded 
Explosives) .  The  acceptor  specimens  of  case,  molded,  and  curing  extruded 
explosives  shall  be  prepared  in  accordance  with  paragraph  4.4.3.  Where 
mechanical  properties  of  the  exnlosive  make  it  possible  rods  shall  be 

made  0.201  inch  in  diameter  by  1.520  inches  long.  Ma¬ 

terials  which  are  too  fragile  to  be  conveniently  made  into  specimens  of 
th'*so  dimensions,  may  be  made  into  shorter  pellets  which  can  be  stacked 
end  to  end  to  result  in  a  composite  specimen  of  these  dimensions.  (For 
extrudable  non-curl  no  materials  the  explosive  may  be  extruded  directly 
into  the  acceptor  and  trimned  flush  on  each  end  of  the  acceptor  body.) 
Each  specimen  shall  be  inserted  in  a  body  as  shown  in  Fig.  3-4  (Drawing 
2426915)  after  which  the  specimen  shall  he  trimmed  to  a  length,  so  that 
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1.800  INCH 
REF 


1.000  INCH  DIA 
REF 


_  0.3010  INCH  OIA 
REF 

REMOVE  EXCESS  INCREMENT  FLUSH  TO 
.005  INCH  BELOW  FACE  OF  BODY 
(FILL  END  IDENTIFIED  BY  BLACK  DOT) 


CHARGE  TO  BE  FLUSH 
WITH  FACE  OF  BODY. 


EACH  INCREMENT  TO  BE  LOADED  AT  A  PRESSURE 
OF  18,000  i  1,000  PSI.  MOISTURE  CONTENT  AT 
7IME  OF  LOAOING  MUST  NOT  EXCEED  0.3%.  A 
MINIMUM.  OF  4  HOURS  DRYING  TIME  AT  50*  C 
UNOER  3t.S  INCH  MERCURY  VACUUM  JUST  PRIOR 
TO  LOAOING 


FIG.  3-3.  Acceptor  Assembly. 
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FIG.  3-4.  Dody 
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I  it  Is  flush  with  the  body  at  both  ends,  by  a  method  appropriate  to  the 

|  *  specific  material  being  tested.  Before  insertion  into  the  body,  each 

I  acceptor  specimen  shall  be  accurately  weighed  and  its  diameter  and 

|  *  length  accurately  measured.  These  measuremens  shall  be  used  to  accu- 

|  ^  rately  calculate  to  three  decimal  places  the  charge  density  for  each 

acceptor.  These  densities  shall  be  reported  as  an  adjunct  of  this  test. 

5.1.4  Small  Scale  Gap  Test  Assemblies.  Twenty  explosive  properties 
assemblies  shall  be  prepared  in  accordance  with  Drawing  2426912  (except 
a  Mk  86  Mod  0  Detonator  may  be  used  instead  of  a  Mk  70  Mod  0  Detonator) 
from  a  random  selection  of  the  acceptable  donors  prepared  in  accordance 
with  paragraph  5.1.1  and  the  acceptors  prepared  in  accordance  with 
paragraph  5.1.2  or  5.1.3.  The  concentricity  of  the  acceptor  to  the  dent 
block  shall  be  within  0.250  inch  and  the  concentricity  of  the  external 
surfaces  of  the  donor,  attenuator,  and  acceptor  shall  be  within  0.005 
inch. 

5.1.5  Test  Procedure.  Twenty  assemblies  shall  be  fired  using  4.0  deci- 
bang  (see  NAVWEPS  Report  7411)  attenuators.  The  dents  produced  in  the 
witness  blocks  shall  be  measured  in  accordance  with  paragraph  5.1.6. 

5.1.6  Measurement  of  Indentation  Depth.  Depth  of  indentation  made  in 
the  block  by  the  explosion  of  the  donor  or  acceptor  as  applicable,  shall 
be  measured  with  a  dial  indicator  capable  of  measuring  0.001  inch  units 
and  accurate  to  0.005  inch  or  better.  The  point  of  the  dial  indicator 
probe  shall  have  an  approximate  30  degree  included  angle  and  the  end  of 
the  point  shall  have  a  radius  of  0.025  *  0.002  inch.  Before  measuring 
the  depth  of  indentation  in  the  block,  remove  any  foreign  material,  such 
as  deposits,  from  the  dent.  Zero  the  indicator  with  the  point  of  the 
probe  In  the  deepest  port  of  the  dent.  Take  the  readings  at  four  points 
near  the  periphery  of  the  block.  These  points  shall  be  approximately 
0.125  inch  away  from  the  periphery  and  90  degrees  apart. 

5.1.7  Qualification  Criterion.  The  candidate  explosive  shall  be  re¬ 
ported  to  have  passed  the  Small  Scale  Gap  Test  and  classified  as  a 
booster  explosive  as  defined  in  3.2.1  if  there  are  no  explosions  in  20 
and  only  20  trials.  Any  reaction  causing  a  dent  of  0.002  inch  or  more 
shall  be  considered  an  explosion. 

!  3-13 
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5.2  Impact  Sensitivity  (Small  Scale  Drop-Weight  Test). 

A  representative  sample  of  a  proposed  new  booster  explosive  shall 
be  subjected  to  an  impact  sensitivity  test  using  ERL  Type  12  tools  as 
described  in  NAVGRD  Report  4236. 

5.2.1  Specimen  Preparation  (Granular  Materials).  Granular  materials  as 
defined  in  paragraph  4.4.2  shall  be  used  as  received.  The  specimen  size 
shall  be  approximately  36  ±  1  milligrams. 

5.2.2  Specimen  Preparation  (Cast,  Molded,  and  Extruded  Explosives). 
Samples  of  cast,  molded,  or  extruded  explosives  shall  be  prepared  in 
accordance  with  paragraph  4.4.3.  Each  specimen  shall  be  a  pellet  not 

less  than  0.25  inch  in  diameter  and  0.025  to’oio  inch  thick*  When  test* 

ing  non-curing  extrudable  explosives,  this  size  pellet  should  be  formed 
directly  on  a  piece  of  sandpaper  as  described  in  paragraph  5.2.3  below. 

5*2.3  Test  Procedure.  Place  a  specimen  of  the  candidate  explosive  pre¬ 
pared  in  accordance  with  paragraph  5.2.1  or  5.2.2  (taken  from  the  sample 
prepared  in  paragraph  5.1.2)  on  the  rough  side  of  a  piece  of  No.  05  sand¬ 
paper  which  is  supported  on  the  steel  anvil  shown  in  Fig.  3-5.  Place 
the  hardened  steel  striker  shown  in  Fig.  3-6  over  the  sample  of  explo¬ 
sive  resting  on  the  sandpaper  and  anvil.  Drop  a  2-1/2  kilogram  steel 
weight  from  a  height  of  12  centimeters  in  a  frictionless  guided  drop  so 
that  it  impacts  the  striker  centrally. 

5.2.4  Qualification  Criterion.  The  candidate  explosive  shall  be  re¬ 
ported  to  have  met  the  impact  sensitivity  test  and  to  be  acceptable  as 
a  booster  explosive  as  defined  in  paragraph  3.2.1  it  there  are  no  explo¬ 
sions,  burning,  or  other  positive  evidence  of  reaction  in  20  of  only  20 
trials. 

5 • 3  Vu jnerabi  1 1  ty  ("Flying  Plate”  Test ) . 

5.3.1  Experimental  Conditions.  Impact  vulnerability  tests  for  this  re¬ 
quirement  shall  be  performed  using  the  arrangement  shown  in  Fig.  3-7  and 
the  following  oxperiirent.il  conditions. 
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5. 3. 1.1  Specimen  Dimensions.  The  specimen  used  for  each  trial  in  an 
impact  vulnerability  test  shall  consist  of  one  cylindrical  pellet  7/8 
inch  in  diameter  and  1  inch  long,  loaded  directly  into  an  aluminum  tube 
1.00  inch  00  x  0.870  inch  ID. 

5. 3. 1.2  Specimen  Preparation  (Granular  Explosives).  The  pellets  shall 
bo  prepared  by  pressing  at  16,000  ±  1,000  pounds  per  square  inch. 

5.3.1 .3  Specimen  Preparation  (Cast,  Molded,  and  Extruded  Explosives). 
Specimens  of  cost,  molded,  or  extruded  explosives  shall  be  prepared  in 
accordance  with  paragraph  4.4.3.  (Extrudable  non-curinq  explosives  may 
be  extruded  directly  into  the  aluminum  tube.)  Each  specimen  shall  be  a 

pellet  0.865  ^q’qq^  inch  in  diameter  and  1.000  ^o  qo5  *nch  lon?‘  The 

specimen  shall  be  inserted  in  the  aluminum  tube  as  shown  in  Fig.  3-7. 

5. 3. 1.4  Driving  Plate.  The  driving  plate  used  in  the  impact  vulner¬ 
ability  tests  for  this  requirement  shall  be  AISI  E6150  steel,  heat 
treated  to  a  hardness  of  28-31  Rockwell  C.  The  driving  plate  shall 

have  a  diameter  of  2  000  inches  and  a  thickness  of  0.750  Inch. 

5. 3. 1.5  Propulsion  Charge.  The  propulsion  charge  shall  be  sufficient 

to  propel  the  driving  plate  at  a  velocity  of  400  feet  per  second. 

In  the  arrangement  shown  in  Fig.  3-7,  with  an  explosive  column  2  inches 
in  diameter  by  8  inches  long,  ni tronuanidine  loaded  at  0.685  gm/cc 
(70.5  gm  =  1,100  grains  in  each  2-inch  increment)  should  give  the  de¬ 
sired  »esult,  but  th*'  velocity  shall  be  measured  in  preliminary  experi¬ 
ments.  The  method  of  velocity  measurement  shall  be  accurate  to  within 
2  percent  and  may  be  made  by  any  of  several  techniques  depending  upon 
instrumentation  available.  Either  optical  or  electronic  techniques  are 
permissible.  Satisfactory  measurements  are  possible  with  framlnq  and 
smear  cameras  and  with  oscilloscopes  and  interval  timers.  The  propulsion 
charge  shall  be  adjusted  until  five  consecutive  shots  give  velocities 
within  the  specified  ranc.e.  The  propulsion  charge  density  which  gives 
this  result  shall  h<*  used  in  the  test  of  the  20  charges  of  each  candidate 
explosive. 
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5.3.2  Impact  Vulnerability  Qualification  Criteria.  A  candidate  explo¬ 
sive  shall  have  passed  the  Impact  vulnerability  test  and  be  acceptable 
as  a  booster  explosive  as  defined  in  paragraph  3.2.1  if  there  are  no 
explosions  in  20  of  only  20  trials. 

5. 3. 2.1  Criterion  of  an  Explosion.  For  purposes  of  this  specification, 
any  reaction  which  causes  detectable  damage  to  the  witness  plate  shall 
be  considered  an  explosion. 


Vacuum  Thermal  Stability 


A  100°C  vacuum  thermal  stability  test  shall  be  run  in  triplicate 
on  a  composite  sample  of  the  proposed  booster  explosive.  The  apparatus 
and  procedure  shall  be  the  same  as  given  in  specification  JAN-P-408  (for 
50/50  pentolite)  and  in  the  following  paragraphs  except  that  the  test 
shall  be  run  for  48  hours  rather  than  40  hours. 


5.4.1  Calibration.  Determine  the  volume  in  ml  of  the  15.5  cm  heating 
tube  (Fig.  3-8)  by  adding  mercury  from  a  buret  until  the  tube  is  filled 
to  the  level  at  which  the  ground  glass  joint  of  the  capillary  tube  will 
make  contact  with  the  mercury.  Subtract  from  the  indicated  buret  read¬ 
ing,  the  volume  of  explosive  used  in  the  test  (5  ml).  The  difference 
shall  be  represented  by  the  symbol  A.  Transfer  7.0  ml  of  mercury  to 
the  cup  at  the  lower  end  of  the  capillary  tube.  Clamp  the  tube  in  an 
upright  vertical  position,  and  measure  the  height  in  mm  of  the  mercury 
column  in  the  capillary  tube  (approximately  25  mm).  Measure  the  length 
in  mm  of  each  of  the  three  parts  of  the  capillary  tube  and  add  these 
values  to  obtain  total  length.  From  the  total  length  subtract  the  height 
of  the  mercury  column  in  the  capillary  tube  as  previously  obtained.  Re¬ 
present  this  difference  by  the  symbol  B^.  From  the  total  length  subtract 
the  height  of  the  column  of  mercury  in  the  capillary  tube  measured  at  the 
end  of  the  test  described  in  paragraph  5.4.2.  Represent  this  difference 
by  the  symbol  B.  Determine  the  capacity  of  the  capillary  tube  per  unit 
of  length  as  follows:  Transfer  an  accurately  weighed  sample  of  approxi¬ 
mately  10  grams  of  mercury  to  the  cup  at  the  lower  end  of  the  capillary 
tube.  Manipulate  the  tube  so  that  when  it  is  horizontal  mercury  is  con¬ 
tained  in  the  continuous  section  of  the  longest  part  of  the  tube  and 
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measure  the  length  of  the  mercury  column.  Reneat  this  procedure  twee 
with  the  mercury  in  two  other  parts  of  the  long  section  of  the  tube. 
Calculate  the  average  of  the  three  measured  lengths  of  the  mercury, 
column.  Represent  the  unit  capacity  in  ml  per  nm  of  the  canillary  tub¬ 
ing  by  the  symbol  C.  This  can  be  obtained  from  the  formula 


where 

C  =  unit  capacity  of  capillary  tubing  in  ml  per  nw 
W  =  grams  af  mercury 

D  =  density  of  mercury  at  temperature  of  determination 
L  =  average  measured  lengths  oF  mercury  column  in  nm. 

5.4.2  Test  Procedure.  Transfer  a  5  t  0.05  gm  sample,  dried  at  65°C  for 
2  hours,  to  the  heating  tube  of  the  apparatus  shown  in  Fiq.  3-8.  Samples 
shall  be  prepared  in  accordance  with  paragraph  4.4.2  or  4.4.3  as  appli¬ 
cable,  and  selected  in  accordance  with  4.4.1.  Connect  the  capillary  tube 
to  the  heating  tube  and  seal  the  connection  with  1  ml  of  mercury.  Clomp 
the  apparatus  so  that  the  long  section  of  the  capillary  tube  is  in  a 
nearly  vertical  position  and  the  lower  end  rests  on  a  solid  support. 
Transfer  7.0  ml  of  mercury  to  the  cup  at  the  lower  end  of  the  capillary 
tube  and  evacuate  the  system  until  the  pressure  is  reduced  to  approxi¬ 
mately  5  mm  of  mercury.  Disconnect  the  pump  and  measure  the  total 
vertical  height  of  the  column  of  mercury  in  the  capillary  tube.  Measure 
and  subtract  the  vertical  height  of  the  mercury  in  the  cun.  Trie  dif¬ 
ference  shall  be  represented  by  the  symbol  H^.  Note  the  room  temperature 
(t^)  and  the  barometric  pressure.  Subtract  the  value  H-|  from  the  baro¬ 
metric  pressure  in  t;m.  Represent  this  difference  by  the  symbol  P^.  In¬ 
sert  the  heating  tube  in  a  constant  temperature  bath  maintained  al 
100  ±  0.5°C.  Maintain  the  heating  tube  at  temoerature  for  48  hours.  . 
Remove  the  heating  tube  from  the  bath  and  allow  it  to  cool  to  room  tem¬ 
perature.  Measure  the  total  vertical  height  of  the  column  of  mercury 
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In  the  capillary  tube  and  subtract  the  vertical  height  of  the  mercury 
in  the  cup.  This  difference  shall  be  represented  by  the  symbol  H.  Note 
the  room  temperature  (t)  and  the  barometric  pressure.  Subtract  the  value 
H  from  the  barometric  pressure  in  mm.  Represent  this  difference  by  the 
symbol  P. 

5.4.3  Calculation  of  Gas  Evolved.  Calculate  the  volume  of  gas  (V)  in 
ml,  at  standard  conditions,  liberated  in  the  test  described  in  paragraph 
5.4.2  using  the  value  represented  by  the  symbols  described  in  the  pre¬ 
ceding  paragraphs  in  the  following  formula: 


A  +  C  (R-H)  2b0f273  +  '£]■  "  1 


A  +  C  (BrH1)  y. 


> 

1 

TTJT 


5.4.4  Qualification  Criterion.  The  volume  of  gas  evolved  as  calculated 
under  paragraph  5.4.3  shall  be  divided  by  the  weight  of  the  sample.  This 
figure  yields  the  ml  of  gar.  evolved  per  gm  per  48  hours.  To  be  acceptable 
as  a  booster  explosive  as  defined  in  paragraph  3.2.1,  none  of  the  tri¬ 
plicate.  samples  shall  yield  a  value  of  more  than  2.0  ml  gas/pm/48  hours. 

5.5  Hot  Wire  Ignition  Test. 

A  representative  sample  of  a  proposed  new  booster  explosive  shall 
be  subjected  to  the  hot  wire  ignition  test  as  detailed  below. 

5.5.1  Explosive  Material.  The  explosive  material  particle  size  for  this 
test  must  be  small  compared  to  the  diameter  of  the  ignition  wire.  There¬ 
fore,  only  explosive  passing  through  a  325  mesh  screen  shall  be  used. 
(Except  for  extrudable  non-curing  explosives  which  shall  be  extruded 
directly  into  the  charge  holder  and  onto  the  bridgewire.)  If  a  minimum 
of  90%  of  the  explosive  as  submitted  does  not  pass  through  a  325  mesh 
screen,  a  representative  sample  shall  he  taken  and  milled.  Milling 
should  bo  conducted  under  a  nortcombtictible  wetting  agent  that  will  neither 
appreciably  dissolve  nor  react  with  the  explosive.  The  milling  shall  be 
accomplished  using  stainless  steel  balls  or  flint  pebbles.  Milling  shall 
bo  continued  until  at  least  98%  of  the  samole  passes  through  the  325  mesh 


sieve.  Only  that  portion  passing  the  325  niesh  sieve  shall  be  used  for 
the  test.  The  explosive  shall  he  dried  to  cons i ant  weight  at  55°C  he- 
fore  being  loaded  in  accordance  with  paragraph  5.5.2. 

5.5.2  Loading  Procedure.  Bridge  40  plug  assemblies  (UUWi'PS  Drawimi 
457454)  with  a  2-mi  1 -diameter  tungsten  wire  flush  with  the  plug  surface 
(Fig.  3-9).  Firmly  attach  the  spacer  (BUWEPS  Drawing  652246)  to  the 
bridged  plug  assembly.  Twenty  bridged  plug  subassemblies  each  shall  be 
loaded  with  the  dry  explosive  prepared  as  in  paragraph  5.5.1  by  pressing 
the  explosive  flush  t  0.010  inch  with  the  spacer  at  pressures  of  4,000 
and  20,000  psi  respectively. 

5-5.3  Firing  Procedure.  Each  loaded  unit  shall  be  tested  with  an 
ohmmeter  prior  to  firing  to  determine  that  the  tungsten  bridge  wire  is 
intact.  The  test  unit  shall  then  be  placed  explosive  side  down  on  an 
aluminum  witness  plate  (Fig.  3-10)  and  fired  in  a  safety  chamber.  Firinq 
voltage  shall  be  supplied  by  a  fully  charged  12  volt  lead-acid  automotive 
storage  battery  of  at  least  45  ampere  hours  capacity.  The  battery  shall 
be  connected  to  the  test  unit  by  a  plunger  type  mercury  relay  (Macke 
electrical  devices  or  equivalent)  through  appropriate  wiring  and  safety 
interlocks.  The  total  circuit  resistance  including  the  relay,  wiring, 
and  interlocks,  but  not  the  battery  or  test  unit,  shall  not  exceed 
0.4  ohm.  Testing  shall  continue  until  all  40  samples  (only  20  samples 
are  necessary  for  oxtrudable  non-curing  explosives)  are  tested,  unless 
an  individual  test  sample  does  not  meet  the  requirement  of  paragraph 
5.5,4. 

5.5,4  Qualification  Criterion.  The  candidate  explosive  shall  be  re¬ 
ported  to  have  passed  the  hot  wire  ignition  test  and  to  he  acceptable 
as  a  booster  explosive  as  defined  in  paragraph  3.2.1  if  none  of  the  40 
samples  show  any  evidence  of  reactior  in  the  form  of  visible,  audible, 
or  measurable  external  change  to  u.':e  ‘•"st  explosive,  the  test  unit,  or 
the  witness  plat:.  The  tungsten  wire  shall,  ho-wever,  have  been  burned 
out  as  determined  by  an  ohmmeter  test. 


FIG.  3-5.  Hot  Wire  Ignition  Arrangement. 
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!i . 6  Ihonnal  Detonability  (Bon- Fir'* )  Test. 

5.6.1  Test  Arrangement.  Each  trial  shall  be  arranged  as  shown  In 
Fig.  3-11. 

5.6.2  Specimens. 

5.6. 2.1  Specimen  Preparation  (Granular  Explosives).  The  small  column 
of  explosive  shall  be  pressed  directly  into  the  hole  provided  at  10,000 
pounds  per  square  inch.  The  length  of  the  loaded  increment  shall  not 
exceed  its  diameter.  The  large  diameter  components  of  the  specimen  may 

be  either  a  pellet  0.930  ^q*005  diameter  by  1*000  to  010 

long  pressed  at  10,000  pounds  per  square  inch  or  it  may  be  pressed  dir¬ 
ectly  into  a  1  inch  length  of  steel  tubing  15/16  inches  in  diameter  by 
24  gauge  wall . 

5 . 6 . 2 . 2  Specimen  Preparation  (Cast,  Molded,  and  Extruded  Explosives). 
Specimens  of  cast,  molded,  or  extruded  explosives  shall  be  prepared  In 
accordance  with  paragraph  4.4.2.  (Extrudable  non-curing  materials  may 
be  extruded  directly  into  the  hole.)  The  specimens  shall  be  of  dimen¬ 
sions  indicated  in  Fig.  3-11. 

5.6.3  Test  Procedure.  Each  trial  shall  be  arranged  as  shown  in  Fig.  3-11 
in  a  bombproof  shelter  or  firing  chamber  adequate  for  protection  against 
the  effects  of  detonation  of  a  charge  of  the  size  shown.  After  person¬ 
nel  have  retreated  to  a  protected  position,  or  the  firing  chamber  has 
been  closed,  the  thermite  mixture  shall  be  ignited.  Personnel  shall 

not  approach  the  charge  nor  shall  the  firing  chamber  (if  used)  be  opened 
until  1  hour  after  the  ignition  of  the  thermite. 

5.6.4  Qualification  Criterion.  The  candidate  exDlosive  shall  be  re¬ 
ported  to  have  passed  th"  thermal  detonability  test  and  to  be  acceptable 
as  a  booster  explosive  as  defined  in  paragraph  3.2.1  if  there  are  no 
explosions  in  20  of  only  20  trials. 
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VINYL  "SPAGHETTI" 


STARTER  MIX.  Al/Pb  Oy  1/7 

(MOMENT,  AS  .  POWDERED. 
EXTRA  TINE.  TYPE  I,  CLASS  A 
-ALCOA  GRADE  NO  4221 
(LEAD  DIOXIDE,  POWOER, 
ANALYTICAL  REAGENT.  MIN 
Pb  0}  96%). 


mtC 


MINER'S  SAFETY  FUZE  AND  a|  POWDER. 
MIL  -A-6I2A,  TYPE  III.  GRADE  F,  CLASS 
7  (ALCON  GRADE* 1 201 


THERMITE  AND  f.^/A/.  76/25 
IFERRIC  OXIDE.  POWDER.  REAGENT. 
99  5%  F»303> 


'  steel  tubing,  i-t/te  in.  oo  x  it 

GAUGE  (0.06B)  WALL.  TAPPEO  I-I4NP 


I-I4NF  THREADED  ROD 

CANDIDATE  EXPLOSIVE.  MAY  BE 
PRESSED  IN  PLACE.  OR  INSERTEO  AS 
PRESSED.  CAST.  EXTRUDFD  OH  MOLDED 
PELLETS  OR  ROD. 


■  STEEL  TUBING.  15/16  IN.  OD  X  24 
GAUGE  10.0221  WALL.  USED  WITH 
EXPLOSIVES  that  CANNOT  DS  HANDLED 
AS  PELLETS 

■  1-14  NP  THREADED  ROD 


STEEL  PLATE,  1  X  4  X  4  IN  .  CENTRALLY 
DRILLED  AND  TAPPED  I-I4NF 


FIG.  3-11.  Bon-Fire  Test  Arrangement. 
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5.6.5  Criterion  for  Explosion.  For  the  purpose  of  this  document*  any 
reaction  which  causes  detectable  damage  to  the  witness  plate  shall  be 
considered  an  explosion. 

5 . 7  Electrostatic  Sensitivity  Test. 

A  representative  sample  of  the  proposed  new  booster  explosive  shall 
be  subjected  to  the  electrostatic  sensitivity  test  described  in  the 
following  paragraphs  us*ing  apparatus  in  accordance  with  drawings  and 
specifications  listed  in  PL/DL  618104. 

5.7.1  Experimental  Procedure  and  Conditions.  Electrostatic  sensitivity 
tests  for  this  requirement  shall  be  performed  using  apparatus  in  accor¬ 
dance  with  the  drawings  and  specifications  listed  in  PL/DL  618104  and 
the  following  experimental  conditions. 

5. 7. 1.1  Electrode  Adjustnent.  Before  starting  a  test  or  when  the  upper 
(needle)  electrode  is  replaced  in  accordance  with  paraaraph  5. 7. 3. 2,  it 
is  necessary  to  readjust  the  electrode  spacing.  This  is  accomplished 

by  bringing  the  electrodes  in  contact,  adjusting  the  dial  indicator  so 
that  the  pointer  is  at  zero  and  then  turning  the  adjusting  screw  to  move 
the  electrodes  0.050  inch  apart  as  indicated  by  the  dial  indicator  (one 
revolution)  (Fig.  3-12). 

5. 7. 1.2  Voltage  Adjustment.  Before  starting  a  test,  the  outout  of  the 
high  voltage  power  supply  shall  be  adjusted  to  10,000  +  100  volts.  This 
can  bo  checked  by  pressing  the  charge  switch  button  and  reading  the 
electrostatic  voltmeter.  (See  Fig.  3-13.)  After  releasing  the  charge 
switch  button,  advance  the  grounding  bar  to  contact  the  upper  electrode. 

5. 7. 1.3  Specimen  Preparation.  A  specimen  is  prepared  for  each  trial 

by  inserting  approximately  20  milligrams  (enough  to  cover  the  bottom  but 
not  to  fill  the  charge  cavity  more  than  about  one-third  full)  of  the 
explosive  in  the  charge  cavity  (the  hole  in  the  washer)  of  a  lower  elec¬ 
trode  assembly.  For  cast,  molded,  and  cured  extruded  explosive  it  will 
be  necessary  to  pulverize  the  cured  or  formed  samples  »n  a  ball  mill  as 
described  in  paragraph  5.5.1.  Since  some  explosives  are  subject  to 
segregation  with  respect  to  particle  size  or  components  of  mixtures, 


3-28 


Ill, 


FIG.  3-13.  Fixed  Gap  Electrostatic  Discharge  Apparatus— Model  #2. 
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c4re  should  be  exercised  to  insure  that,  in  the  course  of  a  test,  the 
material  actually  used  constitutes  a  representative  sample,  with  respect 
to  both  particle  size  distribution  and  composition.  Since  segregation 
is  possible  in  use  as  well  as  In  testing,  it  is  not  necessary  that  each 
specimen  have  the  exact  composition  and  particle  size  distribution  of 
the  sample. 

5. 7. 1.4  Procedure  for  Each  Trial  (Granular,  Cast,  Molded,  and  Curing 
Extrudable).  The  procedure  for  each  trial  shall  be  as  follows. 

5. 7. 1.4.1  Move  shorting  bar  into  contact  with  upper  electrode  assembly 
to  discharge  any  residual  charge  on  the  capacitor.  Raise  upper  electrode 
by  means  of  the  dial  indicator  lifting  lever.  Do  not  put  hands  Into  test 
chamber  before  shorting  upper  electrode  assembly.  Insert  lower  electrode 
assemb ly  containing  explosive  specimen  prepared  according  to  paragraph 
5. 7. 1.3.  Close  door.  Lower  upper  electrode  to  position  (limited  by  ad¬ 
justing  screw  as  adjusted  per  paragraph  5. 7. 1.1)  0.050  inch  above  the 
lower  electrode.  Retract  shorting  bar  to  its  limiting  position. 

5. 7. 1.5  Procedure  for  Each  Trail  (Non-Curing  Extrudable).  Prepare 
specimen  per  paragraph  5. 7. 1.3  by  extruding  the  explosive  directly  into 
the  hole  In  the  lower  electrode.  The  explosive  charge  should  not  fill 
the  cavity  to  more  than  1/3  full.  Move  shorting  bar  Into  contact  with 
the  upper  electrode  assembly  and  raise  the  upper  electrode  by  means  of 
the  dial  indicator  lifting  lever.  Do  not  put  hands  into  test  chamber 
before  shorting  the  upper  electrode  assembly.  Insert  the  lower  electrode 
assembly  containing  the  explosive  specimen  and  close  the  door.  Lower 
the  upper  electrode  to  the  position  limited  by  the  adjusting  screw  pre¬ 
viously  adjusted  per  paragraph  5. 7. 1.1.  Retract  the  shorting  bar  to  its 
limiting  position.  Press  the  charge  switch  until  the  capacitor  is 
charged  to  10,000  ±  100  volts  as  indicated  by  the  electrostatic  voltmeter. 
Release  the  charge  switch  and  note  whether  or  not  there  is  a  spark  and 
drop  In  voltage  as  indicated  by  the  voltmeter.  If  a  discharge  does  occur 
proceed  with  the  testing  making  sure  that  discharge  occurs  on  each  trial. 
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If  a  discharge  does  not  occur  In  any  trial,  readjust  the  upper  electrode 
per  paragraph  5. 7. 1.1  lowering  the  upper  electrode  In  0.005  Inch  steps 
until  the  test  can  be  completed  by  running  20  consecutive  trials  with 
a  discharge  occurring  in  every  trial.  To  pass  the  test,  the  requisite 
number  of  trials  must  be  made  for  the  final  electrode  gap  setting  Ignor-* 
Ing  failures  to  fire  In  all  previous  trials  even  though  a  spark  may  have 
occurred. 

5.7.2  Qualification  Criterion.  A  candidate  explosive  shall  be  reported 
to  have  passed  the  electrostatic  sensitivity  test  and  to  be  acceptable 
as  a  booster  explosive  as  defined  in  paragraph  3.2.1  if  there  are  no 
reactions  In  the  20  consecutive  trials. 

5. 7. 2.1  Evidence  of  Reaction.  An  audible  report  which  can  be  distin¬ 
guished  from  the  noise  of  the  spark,  and/or  visible  smoke  or  flame  shall 
be  considered  evidence  of  reaction. 

5.7.3  Other  Requirements.  The  test  shall  not  be  considered  valid  nor 
the  results  reported  unless  the  following  conditions  have  been  met. 

5. 7. 3.1  Relative  Humidity.  The  relative  humidity  shall  not  exceed  40% 
as  measured  by  a  wet-and-dry  bulb  thermometer,  or  Instrument  of  similar 
reliability.  Note  -  very  low  humidity  increases  the  hazard  of  accidental 
Initiation  by  discharge  of  body  or  stray  static  charges. 

5. 7. 3. 2  Electrode  Replacement.  The  upper  (needle)  electrode  shall  be 
replaced  after  it  has  been  used  In  10  trials,  after  any  trial  in  which 
there  is  evidence  of  reaction,  when  a  test  of  a  new  explosive  sample  is 
started,  or  at  any  time  that  the  operator  observes  any  change  In  its 
condition  (whichever  of  these  circumstances  occurs  first). 

5. 7. 3. 3  Periodic  Apparatus  Check.  The  apparatus  shall  be  checked  at 
least  every  10  working  days  by  subjecting  a  sample  of  lead  azide  (per 
MIL-L-3055)  to  the  static  sensitivity  test.  Data  obtained  subsequent 

to  a  check  test  shall  not  be  officiary  reported  or  used  in  the  qualifi¬ 
cation  of  any  candidate  booster  explosive  until  another  apparatus  check 
test  has  been  performed.  The  procedure  and  conditions  shall  be  as 
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outlined  above  except  that  the  voltage  shall  be  5,000  ±  50  volts-  The 
check  test  shall  consist  of  10  trials.  The  apparatus  shall  be  considered 
to  be  performing  satisfactorily  if  all  10  specimens  explode,  as  evidenced 
by  a  loud  report.  If  each  trial  does  not  result  in  an  explosion,  evi¬ 
denced  by  a  loud  report,  a  detailed  examination  of  the  apparatus  shall  be 
made  to  determine  the  cause  of  the  failure  to  Initiate  lead  azide,  and 
all  data  which  have  been  obtained  since  the  last  satisfactory  check  test 
discarded. 

5.8  Friction  Sensitivity  Test. 

A  representative  sample  of  the  proposed  booster  explosive  shall  be 
subjected  to  the  friction  sensitivity  test  as  described  in  the  following 
paragraphs . 

5.8.1  Experimental  Conditions  and  Procedures.  Each  trial  shall  be  per¬ 
formed  using  the  arrangement  as  shown  In  Fig.  3-14  through  3-18  and  the 
following  experimental  conditions. 

5.8. 1.1  Specimen  Preparation  (Cast,  Molded,  and  Extruded  Explosives). 

The  method  of  preparation  of  test  samples  shall  depend  upon  the  properties 
of  the  explosive  and  the  intended  procedure  to  be  used  in  fabrication  for 
use  as  a  booster  explosive.  Pellets  of  the  test  explosive  shall  be  fabri¬ 
cated  to  the  configuration  as  shown  in  Fig.  3-16  in  accordance  with  para¬ 
graph  4.4.3. 

5. 8. 1.2  Specimen  Preparation  (Granular  Explosives).  Four  tenths  of  a 
gram  of  the  test  explosive  shall  be  pressed  into  the  specimen  holder  at 
20,000  psi  (a  dead  load  of  2,200  pounds)  to  the  configuration  shown  in 
Fig.  3-14.  Note  -  since  some  explosives  are  subject  to  segregation  with 
respect  to  particle  size  or  components  of  mixtures,  care  should  be  exer¬ 
cised  to  insure  that,  in  the  course  of  a  test,  the  material  actually 
used  constitutes  a  representative  sample,  with  respect  to  both  particle 
size  distribution  and  composition. 

5. 8. 1.3  Abrasive  Strip  Preparation.  The  abrasive  strip  shall  consist 

of  spring  steel  strip  0.015  Inch  thick  by  2.000  inches  wide  by  18.0  inches 
long,  hardened  and  tempered  to  a  hardness  of  Rockwell  C48/51  (Rockwell 
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0.4  «m  TEST  EXPLOSIVE 
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FIG.  3-14.  Friction  Sonsitivi-'y  Test  Specimens  in  Holder 
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FIG.  3-15.  Friction  Sensitivity  Apparatus. 
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ALTERNATE  CONFIGURATION  FOR  MATERIALS  WHOSE 
PROPERTIES  PRECLUDE  THAT  SHOWN  IN  SECTION  1 


PELLETS  OF  TEST  EXPLOSIVES  MAY  BE  FORMED  BY  PRESS¬ 
ING.  CASTING,  MOLDING.  MACHINING  ISOSTATIC  PRESSING, 
EXTRUSION  OR  BY  OTHER  MEANS  OR  BY  A  COMBINATION  OF 
THE  ABOVE  MENTIONED  FABRICATION  METHODS. 

NOTE  FOR  MOST  OF  THE  MORE  COMMON  BOOSTER  EXPLOSIVES, 
APPROXIMATELY  0.4  GRAM  OF  EXPLOSIVE  WILL  BE 
SUFFICIENT.  PRESSED  GRANULAR  EXPLOSIVES  SHALL 
BE  PRESSED  AT  20,000  PSI 


riG.  3-16.  Test  Specimen  Configuration. 
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COLO  FINISHED  SEAMLESS 
MECHANICAL  STEEL  TUBING 
S/8  IN.  O.D.  X  II  GAUGE 
(0.1201  WALL 
0.0.  0.625  i  0.005  IN. 

I.D.  0.385  i  0.005  IN. 


NOTE:  THESE  TOLERANCES  ARE  SMALLER  THAN  STANDARD 

COMMERCIAL  TOLERANCES;  HOWEVER,  DUE  TO  IMPROVE¬ 
MENTS  IN  MILL  EQUIPMENT  AND  PRACTICES,  MOST 
RECENTLY  PRODUCED  TUBING  WILL  FALL  WITHIN  THESE 
TOLERANCES 


FIG.  3-17.  Specimen  Holder  Tube. 
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0.100  i  0.006  IN. 
0.I4S  IN. 


EXPLOSIVE  SPECIMEN  AS 
«n  FIGURE  3-ie 

0.4  GUAM  GRANULATED  SUGAR 
PRESSED  AT  30,000  PSI 


PER  FIGURE  3-17 


7.600  IN. 


RAM.  COLO  FINISHED 
SCREW  STOCK  (STEEL! 


h 


0.376  IN. 


HG.  3-18.  Specimen  Holder  Assembly. 
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30  N  66.5/69.5)  and  roughened  as  follows:  On  one  side,  over  an  area 
including  the  entire  width  and  from  one  end  to  a  point  not  less  than 
6.5  inches  from  the  end.  The  roughening  is  accomplished  by  means  of  a 
belt  sander  using  a  cloth  belt  with  resin  bonded,  60  grit  silicon  carbide 
abrasive  (Carborundum,  Locking,  Type  865F,  or  equivalent).  While  sand¬ 
ing,  the  long  axis  of  the  stainless  steel. strip  shall  be  perpendicular 
to  the  motion  of  the  sanding  belt.  The  sanding  shall  continue  until  all 
temper  color  has  been  removed  from  the  area  defined  above  and  the  ap¬ 
parent  texture  of  this  area  is  uniform.  Fresh  sanding  belts,  which  have 
not  been  used  for  other  operations,  shall  be  used  and  not  more  than  five 
spring  steel  straps  shall  be  roughened  with  the  same  belt.  The  roughness 
shall  be  such  as  to  have  an  average  deviation  of  not  less  than  50  nor 
more  than  90  microinches,  as  measured  by  means  of  a  profilometer,  from 
the  mean  surface. 

5. 8.1. 4  Procedure  for  £*ch  Trial.  The  procedure  for  each  trial  shall 
be  as  follows  (see  Fig.  3-15). 

5. 8. 1.4.1  Locate  witness  block  with  the  help  of  spacer  block,  as  shown 
In  Fig.  3-15,  so  that  witness  block  is  approximately  centered  with  center 
line  of  specimen  support  bushing. 

5. 8. 1.4. 2  Coat  back  (opposite  side  to  that  roughened)  of  spring  steel 
abrasive  strip  with  a  two  to  one  mixture  of  S.A.E.  30W  engine  oil  and 
flake  graphite  (Dixon  Crucible  Co.  No.  635  or  equivalent).  Roughened 
surface  shall  be  kept  clean. 

5. 8. 1.4. 3  Install  spring  steel  abrasive  strip  as  shown  in  Fig.  3-15, 

with  roughened  surface  facing  specimen  support  bushing,  and  bend  end  of 
spring  steel  strip  (opposite  end  to  that  roughened)  around  heel  of  jerk 
lever.  Clamp  as  shown  in  Fig.  3-15.  .  . 

5.8. 1.4.4  Insert  specimen  in  specimen  holder  assembly.  (See  Fig.  3-14 
and  3-15.)  Insert  specimen  holder  assembly  with  specimen  in  place  in 
support  bushing  and  apply  normal  force  of  1,675  ♦  25  pounds  to  ram  of 
specimen  holder.  (Either  hydraulic  pressure  or  dead  weight  may  be  used 
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to  apply  and  maintain  the  normal  force.  It  may  be  advantageous,  parti¬ 
cularly  with  dead  weights,  to  use  a  lever  system  or  other  force  multi¬ 
plying  mechanism.  ) 

5.8. 1.4.5  The  "boom  box"  shall  be  closed,  the  safety  bar  (which  restrains 
the  pendulum)  removed,  the  handle  of  the  pendulum  adjusted  so  that  its 
center  of  gravity  is  18  ±  0.5  inches  above  its  low  equilibrium  point  (at 
which  it  strikes  the  jerk  lever),  and  the  pendulum  released.  If  the 
apparatus  Is  performing  normally,  the  spring  steel  abrasive  strip  will 

be  jerked  entirely  free  from  the  boom  box  (except  for  pieces  which  may 
be  broken  or  torn  from  the  strip  as  tve  result  of  an  explosion). 

5. 8.1. 4. 6  The  pendulum  shall  be  returned  to  Its  top  position,  the  safety 
bar  replaced,  the  boom  box  opened,  the  normal  force  removed,  and  the 
specimen  holder  removed  from  the  support  busing.  (When  an  explosion  has 
expanded  the  specimen  holder,  it  is  usually  necessary  to  remove  the 
witness  block  and  remove  the  specimen  holder  through  the  hole  in  the 
witness  block  support.) 

5.8.2  Qualification  Criterion.  The  candidate  explosive  shall  be  reported 
to  have  passed  the  friction  sensitivity  test  and  to  be  acceptable  as  a 
booster  explosive  as  defined  in  paragraph  3.2.1  if  there  are  no  explosions 
in  20  of  only  20  trials. 

5.8. 2.1  Criterion  of  Explosion.  For  purposes  of  qualification,  any  re¬ 
action  which  results  in  an  expansion  of  0.005  inch  or  more  of  the  speci¬ 
men  holder  or  produces  a  dent  more  than  0.002  inch  deep  in  the  witness 
block,  or  both,  shall  be  considered  an  explosion. 

5.8.3  Other  Requirements.  The  test  shall  not  be  considered  to  be  valid 
nor  shall  the  results  be  reported  as  part  of  the  qualification  data  for 
the  explosive  under  test  unless  the  following  conditions  have  been  met. 

5. 8. 3.1  Relative  Humidity.  The  relative  humidity  shall  not  exceed  803! 
as  measured  by  a  wet  and  dry  bulb  thermometer  or  Instrument  of  similar 
reliability. 
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5. 8. 3. 2  Periodic  Apparatus  Check.  The  apparatus  shall  be  checked  subse¬ 
quent  to  or  concurrent  with  each  series  of  qualifying  tests,  by  subjecting 
a  sample  of  tetryl  (MIL-T-00339A)  and  a  sample  of  PETN,  (Pentaerythritol 
tetranltrate)  (per  MIL-P-387A)  to  the  friction  sensitivity  test.  Data 
obtained  subsequent  to  a  check  test  shall  not  be  officially  reported  or 
used  In  the  qualification  of  any  candidate  booster  explosive  until  an¬ 
other  apparatus  check  test  has  been  performed.  (Check  test  trials  may 
be  interspersed  among  qualification  test  trials  in  a  random  or  systematic 
order  so  that  data  can  be  developed  concurrently.)  The  procedure  and 
conditions  shall  be  as  outlined  above.  The  apparatus  shall  be  considered 
to  be  performing  satisfactorily  if  the  PETN  fails  and  the  tetryl  passes 
In  accordance  with  the  criterion  outlined  in  paragraphs  5.8.2  and  5.8.3. 

If  either  the  PETN  passes  or  the  tetryl  fails,  a  detailed  examination 
and  calibration  of  the  apparatus  shall  be  made  to  detect  any  change  in 
test  conditions,  and  all  data  obtained  since  the  last  satisfactory  check 
test  discarded. 

5.9  Detonation  Velocity  Test. 

Detonation  Velocity  Tests  will  be  conducted  in  accordance  with 
Ref.  1  and  2. 
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1 .  SCOPE 

1.1  Scope.  This  chapter  establishes  environmental  and  performance  tests 
which  are  required  for  final  qualification  of  a  booster  explosive  to  be 
used  in  naval  weapons.  The  tests  set  forth  herein  represent  the  minimum 
amount  of  data  required  on  an  explosive  to  be  used  in  a  proposed  service 
item  before  approval  can  be  given  for  service  use  of  that  explosive  in 
that  item.  This  does  not  supersede  the  requirements  of  MIL-STD  331  for 
the  fuze  itself.  If  the  fuze  is  subjected  to  the  requirements  of  MIL- 
STD  331  the  following  are  sections  applicable  to  the  explosive. 

1.2  Application.  This  chapter  applies  to  any  explosive  wnich  is  loaded 
into  a  component  whose  detonation  would  be  communicated  to  the  main  charge 
of  a  weapon  when  that  weapon’s  fuze  is  in  either  safe  or  arm  condition. 

1.3  Sample  Size.  The  sample  sizes  specified  in  each  test  are  only  the 
minimum  necessary  to  perform  the  test.  The  sizes  are  not  considered  suf¬ 
ficient  to  provide  the  basis  for  a  statistical  evaluation  relative  to 
quality  or  reliability  of  the  test  item.  Additional  tests  may  be  required 
for  certain  systems. 

1.4  Definitions . 

1.4.1  Safe.  For  the  purpose  of  this  chapter,  safe  is  defined  to  be  the 
condition  of  the  item  for  which  no  undue  hazard  would  exist  to  personnel 
or  equipment  engaged  in  handling,  shipping,  or  disposing  of  the  unit. 

1 . 5  Appi i cab  1 e  Documents. 

MIL-STD  331  Environmental  and  Performance  Tests 

for  Fuzes  and  Fuze  Components. 

MIL-STD  210A  Climatic  Extremes  for  Military  Equip¬ 

ment. 

2.  GENERAL  REQUIREMENTS 

2.1  Test  Conformance.  Each  individual  test  shall  be  performed  in  the 
manner  and  sequence  specified  herein.  Any  deviation  or  modification 
essentially  defeats  the  standardization  which  is  an  objective  of  this 
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document.  Therefore,  when  a  test  is  not  performed  as  specified,  the 
test  report  shall  so  indicate,  documenting  the  difference(s),  and  in 
general,  shall  not  be  reported  as  performance  under  this  document. 

2.2  Test  Equipment. 

2.2.1  Capaoility.  All  equipment  required  for  the  tests  must  be  capable 
of  providing  or  meet inn  the  conditions  required. 

2.2.2  Accuracy  of  Test  Equipment.  The  accuracy  of  instruments  and  test 
equipment  used  to  control  or  monitor  the  test  parameters  shall  be  veri¬ 
fied  periodically  (at  least  every  12  months,  and  preferably  once  every 

6  months).  All  instruments  and  test  equipment  used  in  conducting  the 
tests  specified  herein  shall: 

a.  Conform  to  laboratory  standards  whose  calibration  is  traceable 
to  the  U.  S.  Bureau  of  Standards. 

b.  Have  an  accuracy  of  at  least  one-fourth  the  tolerance  for  the 
variable  to  be  measured.  In  the  event  of  conflict  between  this  require¬ 
ment  and  any  accuracy  requirement  in  any  one  of  the  tests  of  this  docu¬ 
ment,  the  accuracy  requirement  of  the  test  being  used  shall  govern. 

c.  Be  appropriate  for  measuring  the  conditions  concerned. 

2.3  Test  Conditions.  Unless  otherwise  specified  herein,  all  measurements 
and  tests  shall  be  performed  at  ambient  temperature,  pressure,  and  rela¬ 
tive  humidity.  Whenever  these  conditions  must  be  controlled  in  order  to 
obtain  reproducible  results,  a  reference  temperature  of  23°C  (73°F),  an 
atmospheric  pressure  of  30  inches  of  mercury,  and  a  relative  humidity  of 
50  percent  shall  be  used  together  with  whatever  tolerances  are  required 
to  obtain  the  desired  precision  of  measurement.  Actual  test  conditions 
shall  be  recorded  during  the  test  period  whether  controlled  or  not. 

2.3.1  Installation  of  Test  Item.  Unless  otherwise  snecified  the  test 
item  shall  be  installed,  mounted,  attached  to  or  placed  in  the  test  equip¬ 
ment  in  a  manner  that  will  simulate  service  usane.  If  fixtures  or  adaptors 
are  required  thev  shall  be  designed  to  provide  the  same  simulation.  Plugs, 
covers,  plates,  cables,  and  accessory  items  used  in  service  shall  remain 
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in  place.  When  mechanical  or  electrical  connections  on  the  test  item 
are  not  used,  the  connections  shall  be  provided  the  same  amount  of  pro¬ 
tection  which  is  provided  during  service  use. 

2.3.2  Tolerance  of  Test  Conditions.  The  maximum  allowable  tolerances 
of  test  conditions  (exclusive  of  accuracy  of  instruments),  unless  other-' 
wise  specified  in  any  of  the  tests  of  this  document  shall  be  as  follows: 

a.  Temperature:  ±2°C  (3.6°K). 

b.  Pressure:  When  measured  by  devices  such  as  manometers  ±5  per¬ 
cent  or  0.05  inches  of  mercury,  whichever  provides  the  greater  accuracy. 
When  measured  by  devices  such  as  ion  oaunes,  ±10  percent  to  1  x  l(f®  torr. 

c.  Relative  Humidity:  +5  percent,  -0  percent. 

d.  Vibration  Amnlitude:  Sinusoidal,  ±10  percent;  random,  ±30 
percent. 

2.3.3  Preconditioning  and  Stabilization.  Unless  specified  no  precon- 
ditioriina  or  stabilization  will  be  required.  When  preconditioning  is 
required  the  conditions  shall  be  instituted  and  brought  to  the  level  for 
the  time  specified,  at  which  point  the  test  shall  beqin.  When  stabili¬ 
zation  is  required  the  conditions  shall  be  held  at  the  level  for  the  time 
specified.  Checking  operation  of  or  adjusting  test  equipment  with  the 
test  item  installed  or  exposed,  at  any  time  (pre-test,  durinq  test,  post¬ 
test),  shall  be  kept  at  a  minimum.  Such  time  shall  be  considered  a  part 
of  the  test  time,  if  time  is  a  factor  of  test  item  performance  or  life. 

2 . 4  Examination  and  Test  Cri teria . 

2-4.1  Visual  Examination.  At  the  beqinninq  or  completion  of  any  test 
required  herein  or  when  test  exposure  is  considered  to  have  affected  the 
test  item,  a  visual  examination  shall  be  made  of  the  item  and  any  damage 
observed  shall  be  recorded  in  the  test  record.  The  extent  Of  the  visual 
examination  shall  be  governed  by  the  nature  of  the  test  item  and  the 
damage  suspecteo  or  incurred.  The  examination  shall  not  be  performed  in 
a  manner  which  interferes  with  anv  subsequent  performance  or  operational 
test  which  is  necessary  to  determine  conformance  to  the  criteria  for  pass¬ 
ing  the  test. 
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3.  MANDATORY  REQUIREMENTS 

3.1  Sequence.  The  tests  shall  be  conducted  in  the  sequence  and  with  no 
less  than  the  number  of  units  shown  in  Fiq.  4-1. 

3 . 2  Transportation  Vibration . 

3.2.1  Description  of  Test.  The  test  consists  of  vibrating  explosive 
components  accordinq  to  a  specified  schedule  of  frequencies,  amplitudes 
and  durations  while  being  maintained  at  prescribed  temperature  conditions. 

3.2.2  Criteria  for  Passing  Test.  The  units  must  be  safe  to  handle  and 
dispose  of  following  this  test  as  determined  by  inspection. 

3.2.3  Test  Equipment. 

3.2.3. 1  The  vibration  equipment  required  to  conduct  this  test  may  be  any 
remotely  controlled  vibration  machine*  Such  as  mechanical  (direct-drive), 
mechanical  reaction  or  electrodynamic  type,  producing  essentially  recti¬ 
linear  simple  harmonic  motion  and  havlnq  the  necessary  capacity  for  force 
output,  weiqht  of  load,  and  frequency  ranqe.  Vibration  machines  which 
produce  complex  motion  in  a  combination  of  circular  or  rocking  modes  may 
be  used.  However,  the  amplification  conditions  which  occur  with  this 
type  of  equipment,  due  to  variations  of  load  sizes  and  shapes,  should  be 
determined  and  the  maximum  acceleration  point  established  for  use  in 
monitoring.  Frequency  control  may  be  continuous  or  by  discrete  steps, 
using  loaarithinic  distribution.  The  vibration  equipment  must  be  capable 
of  covering  the  frequency  range  of  10  to  50 0  cycles  per  second  (cps)  ±3 
percent.  Amplitude  capabilities  required  for  the  10  to  60  cps  ranqe 
shall  be  0.10  i  0.01  inch  double  amplitude  or  2  t  0.2  g  peak,  whichever 
is  lesser,  and  for  the  60  to  500  cps  ranqe  5  a  0.2  g  peak. 

3. 2. 3. 2  Rigid  mounting  fixtures  which  simulate  the  service  assembly  of 
the  units  must  be  provided.  In  designing  test  fixtures,  or  in  devising 
any  method  of  securing  test  samples  to  the  vibration  table,  it  is  desir¬ 
able  that  any  component  or  combination  of  components  employed  in  the 
mounting  system  have  a  natural  fre<  jenc.y  at  least  three  times  the  maxi¬ 
mum  frequency  to  be  encountered  in  the  test  schedule. 
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3. 2. 3. 3  The  instrumentation  required  shall  be  capable  of  measuring, 
within  the  prescribed  limits,  the  frequency  and  amplitude  of  the  applied 
vibration  and  the  conditions  of  temperature  specified. 

3. 2. 3. 4  Temperature  conditioning  equipment  shall  be  required  to  establish 
and  maintair  the  fuze  at  the  specified  temperature  levels  durinq  test'. 

3.2.4  Test  Procedure. 

3. 2.4.1  Temperature  Conditions.  Three  conditions  are  required  for  the 
complete  test:  (1)  -65  ±  4°F,  (2)  +86  ±  18°F,  and  (3)  +160  ±  4°F.  Each 
unit  shall  be  subject  to  only  one  temperature.  The  units  shall  be  divided 
among  the  three  temperatures  as  equally  as  possible.  They  shall  be  tem¬ 
perature  conditioned  prior  to  the  test  at  the  value  chosen  and  maintained 
at  that  temperature  level  for  the  duration  of  the  test. 

3. 2.4.2  Vibration  Conditions.  The  units  shall  be  mounted  in  the  test 
fixture  and  securely  fastened  to  the  vibration  table.  Vibratory  excita¬ 
tion  shall  be  applied  parallel  to  each  of  three  major  axes  in  turn: 

(1 )  the  longitudinal  axis  (line  of  fliqht),  (2)  a  first  transverse  orthog¬ 
onal  axis,  and  (3)  a  second  transverse  orthogonal  axis.  The  two  trans¬ 
verse  axes  and  the  sense  of  the  vibration  (nose  up  or  nose  down)  along 
the  longitudinal  axis  shall  be  chosen  to  expose  the  most  critical  or 
vulnerable  positions  of  the  unit  to  the  vibration.  The  vibration  sched¬ 
ule  used  shall  be  one  of  the  following  specified,  dependent  upon  the 
method  of  frequency  control  of  the  vibration  equipment. 

3. 2. 4. 2.1  Cycling  Method.  The  vibration  schedule  of  Table  4-1  shall  be 
used.  Frequency  shall  be  controlled  by  loqarithmic  sweep.  Total  test 
duration  shall  be  24  hours  plus  the  time  spent  at  resonant  frequencies. 

The  resonant  frequencies  should  be  determined  during  the  first  cycling 
period  for  each  axis  position.  When  resonant  conditions  are  not  observed 
within  the  specified  vibration  schedule  the  resonance  vibration  shall  con¬ 
sist  of  performing  four  additional  sweeps,  two  over  the  10-60-10  cps  range 
and  two  over  the  60-500-60  cps  range,  15  minutes  each,  totaling  60  minutes. 
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TABLE  4-1.  Vibration  Schedule  (Cycling  Method). 


Type 

Frequency,  cps 

Input  amplitude 

Cycles3 

Cycling 

10-60-10 

0.10  ±  0.01  inch 
double  amplitude 
or  2  ±  0.2  g  peak, 
whichever  is  lesser 

10 

Cycling 

60-500-60 

5  t  0.2  g  peak 

14 

Resonance 

As  determined 
(would  be 
single  fre¬ 
quency  points) 

As  indicated  above 
in  the  specific 
frequency  ranqe 

Dependent  upon 
the  number 
of  resonant 
points 

duration  at  each  cycle  and  at  the  resonant  frequency  shall  be 
20  minutes.  The  total  cycling  test  time  in  each  axis  shall  be  4  hours 
and  the  test  time  at  resonant  points  shall  be  20  minutes  time*;  the 
number  of  resonant  frequencies  (T .e. ,  20  minutes  at  each  resonant  point). 

3. 2. 4. 2. 2  Discrete  Step  Method.  The  vibration  schedule  of  Table  4-2 
shall  be  used.  Total  test  duration  shall  be  24  hours  plus  the  time  spent 
at  resonant  frequencies.  The  resonant  frequencies  may  occur  between  the 
frequency  steps  and  additional  investigation  will  be  necessary  to  deter¬ 
mine  whether  resonant  conditions  exist.  Intermediate  frequency  points 
may  be  studied  to  identify  either  resonant  points  or  resonant  bands. 

The  item  shall  then  be  vibrated  at  each  fixed  point  or  within  each  reso¬ 
nant  band  for  15  minutes.  When  resonant  conditions  are  not  observed 
within  the  discrete  frequency  vibration  schedule  the  resonant  vibration 
shall  consist  of  repeating  vibration  at  four  frequency  steps,  10  cps, 

46  cps,  152  cps,  and  500  cps  for  15  minutes  at  each  frequency.  Ampli¬ 
tudes  of  vibration  shall  be  as  specified  in  Table  4-2  for  the  stated 
frequency. 

3. 2.4. 3  Upon  completion  of  vibration,  radiographic  inspection  is  required. 
In  general,  the  results  of  vibration  tests  are  manifest  in  varying  degrees 
of  abrasion  or  loosening  of  components.  Distinction  between  reasonable 
wear  and  borderline  or  serious  damage,  significant  in  terms  of  safety  or 
operability,  must  be  made  on  the  basis  of  engineering  judgment.  Examine 
the  item  for  conformance  with  paragraph  3.2.2. 
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TABLE  4-2.  Vibration  Schedule  {Discrete  Step  Method). 


A. 

Frequency,  cps 

• 

Step 

Axi  s 

Longitudinal 

Transverse  1 

Transverse  2 

1 

10 

12 

14 

2 

17 

20 

24 

3 

28 

33 

38 

4 

46 

54 

65 

5 

76 

91 

107 

b 

128 

152 

"*4 

00 

7 

212 

250 

297 

8 

350 

417 

500 

9 

Resonanc  frequency 
as  determined 

Resonant  frenuency 
as  determined 

Resonant  frequency 
as  determined 

B.  Vibration  Amplitude 


1.  Input  amplitude  shall  be  0.10  *  0.01  inch  double  amplitude  or  2  t 
0.2  g  peak,  whichever  is  lesser,  for  frequencies  below  60  cps. 

2.  Input  amplitude  shall  be  5  ♦  0.2  g  peak  for  frequencies  above  60  cps. 


C.  Duration 


1.  Duration  at  steps  1-8  (fixed  frequency)  per  axis  shall  be  60  minutes 
per  stwp. 

2.  Pjration  at  step  9  per  axis  shall  be  15  minutes  per  resonant  fre¬ 
quency. 
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3*2.5  Background  Information.  (Not  a  mandatory  part  of  this  test.) 

3. 2.5.1  Vibration  Schedules.  The  schedules  utilized  in  this  test  have 
been  developed  following  extensive  measurements  of  accelerations  during 
transportation  in  a  variety  of  vehicles.  The  test  as  described  is  conse¬ 
quently  a  simulation  test,  and  the  units  must  not  be  adversely  affected 
by  it. 

3. 2. 5. 2  Resonance  Studies.  The  resonant  frequency  of  the  total  weapon 
structure  may  not  be  the  most  damaging.  Individual  components  of  the 
structure  will  have  their  own  natural  frequency  of  resonance  and  may 
experience  greater  g-amplifi cation  and  damage  at  their  own  resonance 
than  at  the  mass  resonance.  Therefore,  It  Is  suggested  that  studies  of 
the  response  of  individual  components  be  made  to  provide  the  proper 
information  as  to  resonance  effect. 

3. 2. 5. 3  Mechanical  Vibration  Effects.  In  general,  the  results  of  vibra¬ 
tion  tests  are  manifest  in  varying  degrees  of  abrasion  or  loosening  of 
components.  Distinction  between  reasonable  wear  and  borderline  or  serious 
damage,  significant  in  terms  of  safety  or  operability,  must  be  made  on 
the  basis  of  engineering  judgment,  including  studies  under  dynamic  oper¬ 
ating  conditions  where  practicable. 

3. 2. 5. 4  Temperature  Conditions.  Temperatures  are  combined  with  the 
vibration  environment  to  simulate  the  service  use  conditions.  Temperature 
conditions  of  -65  and  +160°F  are  the  extremes  generally  used  to  evaluate 
the  suitability  of  a  weapon  to  withstand  the  temperature  environments. 
Values  beyond  these  extremes  may  be  encountered  if  particular  geographic 
locations  are  to  be  chosen.  MIL-ST0-210A  should  be  consulted  for  the 
known  extremes  which  will  occur  at  various  world  points. 

3. 3  Temperature  and  Humidity. 

3.3.1  Description  of  Test.  This  test  consists  of  expos inq  the  explosive 
component  to  two  complete  14-day  JAN  temperature  and  humidity  cycles. 

The  basic  14-day  unit  or  "JAN  TEMPERATURE  AND  HUMIDITY  CYCLE"  consists 
of  cycling  fuzes  nine  times  between  the  extremes  of  +160°F  (95  percent 
RH)  and  -65°F  with  additional  storage  at  +160°F  (95  percent  RH)  and  -80°F. 
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3.3.2  Criteria  for  Passing  Test.  The  units  must  be  safe  and  operable 
following  this  test  as  determined  by  inspection. 

3.3.3  Test  Equipment. 

f  3. 3. 3.1  The  special  equipment  needed  to  run  this  test  consists  of  com- 

!  .  mercially  available  chambers  or  cabinets  especially  made  to  control 

j  temperatures  and  humidities.  It  will  be  noted  that  the  test  cycle  is 

|  so  arranged  that  the  units  may  be  changed  from  one  cabinet  to  another, 

j  Therefore  if  the  equipment  cannot  be  cycled  between  the  various  temper¬ 

atures  *  the  test  can  be  run  by  transferring  the  fuzes  between  constant 
temperature  cabinets. 

3. 3. 3. 2  Ir,  cases  where  fixtures  are  used  in  the  cabinets  to  hold  the 
units  in  particular  orientations,  the  design  of  the  fixture  shall  be 
such  that  entrance  of  moisture  will  not  be  impeded  and  a  minimum  of 
interference  with  the  attainment  of  thermal  equilibrium  will  result. 

3. 3. 3. 3  The  term  "cabinet  temperature"  used  throughout  this  test  is 

j  defined  as  the  temperature  of  the  air  immediately  surrounding  the  test 

components.  Cabinet  temperature  may  thus  be  chanqed  two  ways:  (1)  by 
;  varying  the  temperature  of  a  single  cabinet,  and  (2)  by  moving  the  units 

from  one  constant-temperature  cabinet  to  another.  The  fluctuations  from 
the  specified  temperatures  shall  at  no  time  exceed  3°F. 

3.3.4  Test  Procedure. 

3. 3.4.1  The  sequence  and  duration  of  the  exposure  to  heat  and  cold  has 
been  chosen  so  as  to  permit  operation  during  a  5~day  week,  without  over¬ 
time,  and  also  to  utilize  the  time  from  Friday  at  1600  to  Monday  at  0800 
in  the  sequence.  For  purposes  of  illustration,  the  g»aph  shown  in 

Fig.  4-2,  and  the  following  description,  present  the  sequence  of  opera¬ 
tions  based  on  a  start  at  0800  Monday.  Regardless  of  the  day  and  time 
the  test  is  initiated,  there  shall  be  no  deviation  from  the  sequence  of 
|  operations  as  prescribed. 

3. 3.4.2  The  first  step  is  to  store  the  units  ir,  a  cabinet  maintained  at 
-65°F  for  at  least  2  hours. 
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3. 3.4.3  At  1600  Monday  the  cabinet  temperature  shall  be  changed  to 
+160°F  (95  percent  RH),  as  rapidly  as  practicable.  This  may  be  done 
either  by  removing  the  units  from  the  low  temperature  chambers  and  plac¬ 
ing  them  in  a  separate  cabinet  at  +160°F  (95  percent  RH) ,  or  by  changing 
the  temperature  of  the  chamber.  The  cabinet  temperature  must  reach  -hl60°F 
(95  percent  RH)  not  later  than  1800. 

3. 3.4.4  The  units  shall  be  held  under  these  conditions  until  0800 
Tuesday,  at  which  time  the  temperature  decrease  must  begin.  The  rate 

of  decrease  of  cabinet  temperature  shall  be  equal  to  or  greater  than  36^ 
per  hour  for  at  least  2  1/2  hours.  Thus  at  1030,  the  temperature  of  the 
air  surrounding  the  units  will  be  +70°F  or  lower.  The  cabinet  temperature 
must  reach  -65° F  no  later  than  1400,  and  this  temperature  shall  be  held 
until  1600. 

3. 3. 4. 5  At  1600  on  Tuesday,  the  cabinet  temperature  shall  be  changed  to 
+160°F  (95  percent  RH)  as  rapidly  as  practicable  (not  later  than  1800), 
and  held  until  0800  Wednesday. 

3. 3. 4. 6  On  Wednesday,  Thursday,  and  Friday  the  operations  carried  out  on 
Tuesday  shall  be  repeated. 

3. 3. 4. 7  After  raising  the  cabinet  temperature  to  +160°F  (95  percent  RH) 
on  Friday  evening,  these  conditions  shall  be  maintained  until  0800  on  the 
following  Monday. 

3. 3.4.8  At  0800  Monday,  the  sequence  of  operations  described  above  for 
Tuesday  of  the  first  week  shall  be  carried  out  and  shall  be  repeated 
daily  until  Friday  of  the  second  week. 

3. 3.4.9  On  Friday  the  cabinet  temperature  shall  be  reduced  to  -80°F 
instead  of  -65°F,  and  this  temperature  shall  be  maintained  until  0800 
Monday  of  the  third  week.  The  cycle  is  completed  on  Monday  at  0800,  at 
which  time  the  second  cycle  shall  be  started. 

3.3.4.10  The  sequence  of  temperature  and  humidity  conditions  described 
above  shall  constitute  one  JAN  temperature  and  humidity  cycle.  Two  such 
cycles  shall  be  applied  in  testing  fuzes.  Since  at  0800  Monday  of  the 
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third  week  the  cabinet  -temperature  will  be  -80°F,  it  will  only  be  neces¬ 
sary  to  raise  the  temperature  to  -65°F,  and  the  sequence  of  changes  can 
be  followed  exactly  as  described  above. 

3.3.4.11  The  second  cycle  is  completed  on  Monday  of  the  fifth  week  at 
0800  at  which  time  the  units  are  allowed  to  return  to  ambient  temperature* 
(approximately  70°F). 

3.3.4.12  The  units  shall  then  be  examined  and/or  tested  for  conformance 
with  paragraph  3.3.2. 

3.3.5  Related  Information. 

A  relative  humidity  of  95  percent  at  the  high  temperatures  is  used 
because  damage  to  certain  typical  elements  is  accelerated  in  the  presence 
of  moisture.  It  has  been  found  through  experiment  that  in  the  case  of 
ordinary  thread  seals  and  other  similar  closures,  moisture  is  transported 
into  the  interior  of  units  primarily  through  diffusion  rather  than  by  a 
"breathing  process",  although  both  occur.  However,  there  have  been 
instances  where  moisture  entry  could  have  occurred  only  during  the  cool¬ 
ing  period.  For  instance,  in  one  assembly  utilizing  an  "0"-ring  gasket 
seal,  a  partial  relief  of  the  pressure  differences  (developed  during 
cycling)  occurred,  a  pressure  differential  being  maintained  after  attain¬ 
ment  of  thermal  equilibrium.  In  this  situation  diffusion  would  be 
excluded  as  the  process  for  moisture  transport  and  moisture  entry  would 
occur  only  during  the  cooling  period.  Thus,  the  results  obtained  by 
imposing  a  slow  cooling  period  with  maintenance  of  high  relative  humidity, 
would  differ  from  those  obtained  when  units  are  al lowed  to  cool  at  ambient 
humidity.  Therefore,  if  a  unit  has  such  seals,  the  designer  should  con¬ 
sider  this  point  in  running  the  test. 

3.4  Jolt. 

3.4.1  Description  of  Test.  This  test  shall  consist  of  jolting  each 
sample  1,750  times  in  each  of  three  positions  in  the  Jolt  testing  machine, 
as  shown  in  MIL-STD  331  (Ordnance  Corps  Drawing  81-3-30).  In  that  part 
of  the  test  where  the  fuzes  are  positioned  with  the  longitudinal  axis  in 
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a  horizontal  direction,  the  units  shall  be  oriented  so  as  to  expose  what 
are  considered  to  be  the  most  vulnerable  plane  or  planes  of  weakness. 


3.4.2  Criteria  for  Passing  Test.  In  general,  it  is  not  required  that 
the  units  be  operable  after  this  test.  The  criteria  by  which  the  samples 
are  judged  to  have  withstood  this  test  are  that  (1)  no  elements  shall 
explode,  burn,  or  char  and  (2)  no  parts  shall  be  broken,  be  deformed,  be 
displaced,  or  come  apart  in  such  a  manner  as  to  make  the  assembly  unsafe 
to  handle  and  dispose  of  as  determined  by  examination. 

3.4.3  Test  Equipment.  The  machine  consists  basically  of  a  pivoted  arm, 
the  frea  end  of  which  is  alternately  elevated  to  a  height  of  4  inches  by 
cam  action  and  allowed  to  drop  freely  upon  a  leather  padded  anvil.  The 
free  end  of  the  arm  is  provided  with  three  sockets  into  which  test  items 
can  be  assembled  in  the  three  required  positions. 

3.4.4  Test  Procedure. 


3. 4.4.1  Check  to  determine  that  the  machine  is  in  proper  operating  con¬ 
dition,  with  particular  attention  being  given  to  the  condition  of  the 
leather  pad. 

3. 4. 4. 2  Insert  the  units  in  the  three  available  positions  of  the  machine. 
Those  in  the  horizontal  position  should  be  oriented  by  the  use  of  shims 

so  as  to  expose  what  are  considered  to  Le  the  most  vulnerable  planes  of 
weakness . 

3.4. 4. 3  Operate  the  machine  through  1,750  jolts  of  the  arm  at  the  stan¬ 
dard  speed  of  35  blows  per  minute. 

3. 4. 4. 4  Repeat  the  steps  3. 4. 4. 2  and  3. 4. 4. 3  twice,  with  the  units  in 
different  positions,  so  that  at  the  conclusion  of  the  test  each  item 
will  have  received  1,750  jolts  in  each  of  the  three  positions  of  the 
machine. 

3.4.4. 5  Examine  the  units  for  compliance  with  paragraph  3.4.2. 

3.4.5  Background  Information.  (Not  a  mandatory  part  of  this  test.) 
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3. 4. 5.1  The  jolt  test  has  been  used  for  many  years  to  establish  the 
safety  and  general  ruggedness  of  fuze  designs  under  the  application  of 
repeated  shocks  in  several  directions.  The  test  was  originally  designed 
as  a  simulation  of  the  shocks  received  during  transportation  of  Army 
caissons  over  rough  terrain.  In  its  present  application  the  test  is  not 
intended  to  be  accurately  representative  of  actual  conditions  which  may 
be  encountered  in  transportation,  handlinq  or  use  of  an  explosive  item. 

It  is  rather  a  deliberate  exaggeration  of  severe  conditions  to  which  the 
item  conceivably  might  be  exposed  during  transportation  or  use.  As  a 
development  test  it  is  valuable  in  demonstrating  the  basic  ruggedness  of 
the  design.  Although  it  is  not  a  requirement  of  this  test  that  the  item 
be  operable.  In  such  cases  operability  is  generally  judged  by  examination 
only,  although  firings  may  be  conducted  where  considered  appropriate  by 
the  designer. 

3.5  Juinbl  £2_. 

3.5.1  Description  of  Test.  This  test  consists  of  tumbling  the  unprotected 
sample  explosive  items  through  3,600  revolutions  in  a  jumble  testing 
machine,  shown  in  MII.-STD  331  (Ordnance  Corps  Drawing  QEL  1386-1). 

3.5.3  Criteria  for  Passing  Test.  In  general,  it  is  not  required  that 
the  items  be  operable  after  this  test.  The  criteria  by  which  the  samples 
are  judged  to  have  withstood  this  test  are  that  (1)  no  elentents  shall 
explode,  burn,  or  char,  and  (2)  no  parts  shall  be  broken,  be  deformed, 
be  displaced,  or  come  apart  in  such  a  manner  as  to  make  the  unit  unsafe 
to  handle  or  dispose  of  as  determined  by  examination. 

3.5.3  Test  Equipment.  The  jumble  machine  consists  of  a  wood-lined  steel 
box,  which  is  rotated  about,  two  diagonal  corners  of  the  bottom  at  a  stan¬ 
dard  speed  of  30  rpm.- 

3.5.4  Test  Procedure. 

3. 5.4.1  Check  to  determine  that  the  machine  is  in  proper  operating  con¬ 
dition,  with  particular  attention  being  given  to  the  condition  of  the 

wood  liner.  A  suits tantial  thickness  of  wood  should  be  present.  One-fourth 
inch  is  considered  to  bo  a  practical  minimum  thickness  at  the  bottom  of  the 
worn  areas . 
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3.5. 4. 2  Place  one  unprotected  unit  in  the  box  and  secure  the  cover,  and 
rotate  the  box  through  3,600  revolutions  at  the  standard  speed  of  30  rpm. 

3. 5.4. 3  Remove  and  inspect  the  item  for  compliance  with  paragraph  3.5.2. 
3.5.5  Background  Information.  (Not  a  mandatory  part  of  this  test.) 

3. 5. 5.1  The  jumble  test,  has  been  used  for  many  years  to  establish  the 
safety  and  general  ruggedness  of  fuze  designs  under  the  application  of 
repeated  shocks  in  several  directions.  The  test  was  originally  designed 
to  simulate  those  shocks  a  loose  fuze  would  receive  during  transportation 
on  an  Army  caisson  traveling  over  rough  terrain.  In  its  present  appli¬ 
cation  the  test  is  not  intended  to  be  accurately  representative  of  actual 
conditions  which  may  be  encountered  in  transportation  handling  or  use  of 
an  explosive  component.  It  is  rather  a  deliberate  exaggeration  of  severe 
conditions  to  which  the  item  conceivably  might  be  exposed  during  trans¬ 
portation  or  use. 

3.6  Forty  Foot  Drop. 

3.6.1  Description  of  Test.  The  test  consists  of  a  series  of  five  drops, 
each  employing  a  fresh  explosive  component  assembly  to  an  appropriate 
fixture  to  simulate  service  mountinq,  with  each  drop  having  a  different 
orientation  of  impact.  The  test  assembly  is  dropped  40  feet  in  free  fall 
onto  a  steel  plate  solidly  supported  on  a  reinforced  concrete  base.  The 
impact  area  shall  be  surrounded  on  all  four  sides  by  an  enclosure  of  suf¬ 
ficient  height  and  strength  to  contain  the  assembly  during  rebound.  The 
interior  horizontal  dimensions  of  the  enclosure  shall  be  approximately 
the  same  as  those  of  the  steel  plate. 

3.6.2  Criteria  for  Passing  Test.  In  general,  it  is  not  required  that 
the  units  be'  operable  after  this  test.  The  criteria  by  which  the  samples 
are  judged  to  have  withstood  this  test  are  that  (1)  no  elements  shall 
explode,  burn  or  char  and  (2)  no  parts  shall  be  broken,  be  deformed,  be 
displaced  or  come  apart  in  such  a  manner  as  to  make  the  assembly  unsafe 
to  handle  or  dispose  of  as  determined  by  examination. 
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3.6.3  Test  Equipment.  The  40-foot  height  necessary  to  perform  this  test 
can  be  obtained  by  using  any  tower*  derrick,  or  boom  arrangement  provided 
the  conditions  of  free  fall  and  impact  are  met. 

3. 6. 3.1  The  impact  surface  shall  be  a  steel  plate  having  a  minimum  thick- 

• 

ness  of  3  inches  and  a  minimum  Brinell  hardness  of  207.  The  plate  shall 
have  a  flat  surface  (not  deformed  from  previous  test  impacts  to  the  point 
where  further  proper  angular  impacts  are  prevented)  and  shall  have  a 
length  and  width  at  least  1  1/2  times  the  maximum  dimensions  of  the  assem¬ 
bly  being  dropped.  The  plate  shall  be  solidly  supported  in  a  horizontal 
plane  over  its  entire  bearing  area  by  a  minimum  thickness  of  24  inches  of 
reinforced  concrete. 

3.6.3. 2  A  guidance  system  may  be  employed  to  insure  the  proper  angle. 

For  example,  a  vertical  steel  tube  may  be  used  for  nose  or  tail  impacts; 
however,  the  guidance  system  shall  be  disengaged  at  a  sufficient  height 
above  the  impact  plate  to  permit  unimpeded  free  fall  and  rebound  to  occur. 
The  guidance  system  shall  not  reduce  the  impact  velocity  of  the  item 
being  dropped  more  than  2  percent  of  the  velocity  the  item  would  achieve 
in  40- foot  free  fall. 

3.6.4  Test  Procedure. 

3.6.4. 1  In  general,  this  test  requires  that  each  unit  shall  be  assembled 
to  a  fixture  which  simulates  service  mounting. 

3.6.4.?  One  unit  shall  be  dropped  in  each  of  the  five  orientations  of 
impact  as  follcws: 

a.  Longitudinal  axis^  of  the  test  vehicle  vertical 
with  nose  down. 

b.  Longitudinal  axis  of  the  test  vehicle  vertical 
with  base  down. 


Longitudinal  axis  of  the  test  vehicle  is  that  which  is  parallel  to 
the  line  of  flight  axis  of  the  weapon. 
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•  c.  Longitudinal  axis  of  the  test  vehicle  horizontal. 

d.  Longitudinal  axis  of  the  test  vehicle  45  degrees 
from  vertical  with  nose  down. 

*  e.  Longitudinal  axis  of  the  test  vehicle  45  degrees 

from  vertical  with  nose  up. 

The  angular  tolerance  for  each  of  the  impacts  shall  be  +10  degrees. 

During  drops  other  than  vertical  with  nose  down  and  vert -cal  with  base 
down,  the  lateral  orientation  of  the  test  vehicle  shall  be  such  as  to 
expose  the  most  critical  or  vulnerable  plane  of  the  unit  to  impact  (as 
determined  by  engineering  judgment  or  past  experience  with  the  design). 

3. 6. 4. 3  In  performing  the  test,  the  following  steps  are  necessary: 

a.  An  undropped  unit  shall  be  assembled  to  the 
appropriate  vehicle. 

b.  Drop  the  vehicle  40  feet  to  impact  in  the  chosen 
orientation.  Velocity  of  impact  shall  be  as 
specified  in  paragraph  3. 6. 3. 2. 

c.  Examine  the  unit  for  conformance  with  paragraph 
3.6.2. 

d.  Do  not  reuse  this  item  for  other  drops.  The  test 
vehicle,  however,  may  be  reused  if  damage  incurred 
will  not  affect  results  of  other  drops. 

3.6.5  Background  Information. 

3. 6. 5.1  The  49-foot  drop  test  has  been  used  for  many  years  in  safety 
testing  of  fuzes.  Although  the  test  is  not  a  direct  simulation  of  field 
or  Fleet  conditions,  it  is  a  safety  test  which  represents  free  fall  possi¬ 
bilities  of  a  projectile,  bomb,  missile,  or  other  munition  during  handling 
from  deck  to  ship,  or  the  possibility  of  between-deck  falls  on  shipboard. 
If  other  drop  heights  or  impact  media  are  considered  possible  in  service 
use  and  the  test  item  is  vulnerable  to  these  conditions,  such  tests 
should  also  be  conducted. 

i 
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3.6. 5.2  It  may  be  advisable  to  perform  the  40-foot  drop  test  with  fuzes 
at  extreme  temperatures  when  materials  or  components  are  suspected  of 
being  vulnerable  jnder  these  conditions. 

3. 6. 5. 3  While  it  is  desirable  to  have  new  impact  surfaces  for  each  drop 
on  the  steel  plate,  it  is  recognized  that  this  is  not  economically  sound. 
Experience  in  usage  of  this  test  has  shown  that  additional  impacts  on  a 
plate  can  be  accomplished  without  affecting  the  validity  of  the  test. 
There  are,  however,  limits  of  usefulness  for  individual  plates  depending 
upon  the  type  of  vehicle  and  the  weight  of  units  being  tested.  These 
would  be  units  which  would  cause  defects  such  as  "dishing"  of  the  plate 
and  pock  marking  or  spalling,  etc.,  and  which  would  reduce  the  anvil 
effect  or  the  actual  angle  of  contact  between  the  drop  vehicle  and  the 
plate  to  such  an  extent  that  the  test  would  be  invalid.  Replacement  of 
tne  plate  will  be  determined  by  engineering  judgment. 

3.7  Tactical  Environment. 

3.7.1  Description  of  Test  This  test  consists  of  subjecting  the  samples 
to  a  series  of  tests  designed  to  simulate  the  tactical  environment  of  the 
weapon  in  which  the  explosive  component  is  to  be  used.  This  may  include 
captive  flight  vibration,  missile  flight  vibration,  shipboard  vibration, 
thermal  shock  or  salt  spray. 

3.7.2  Criteria  for  Passing  Test.  The  units  must  be  safe  and  operable 
following  this  test  as  determined  by'  radiographic  inspection  and  output 
ter.  ts . 

3.7.3  Test  Equipment  and  Procedure.  As  this  test  is  directly  related  to 
the  design  and  deployment  of  a  particular  weapon  system,  the  test  equip¬ 
ment  and  procedure  cannot  be  specifier!  in  this  document.  It  can  only  be 
emphasized  that  the  test  should  closely  simulate  the  worst  environmental 
conditions  that  might  be  encountered  by  an  explosive  component  in  a  Fleet 
deployed  weapon. 
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4.  SPECIFICATION  REVIEW 

The  quality  control  provisions  of  the  procurement  specification 
must  also  be  reviewed  to  determine  whether  they  adequately  define  the 
material  evaluated  for  qualification  and  will  assure  that  the  sensi¬ 
tivity  characteristics  of  the  explosive  will  continue  to  meet  the 
criteria  of  this  chapter. 
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1 .  SCOPE 


1.1  Purpose.  This  chapter  establishes  criteria  for  the  selection  and 
acceptance  of  main  charqe  explosives. 

1.2  Appli cabill tv.  This  document  is  to  be  applied  as  a  qualification 
standard  for  main  charqe  explosives  and  not  as  a  procurement  or  quality 
control  standard.  It  is  necessary,  however,  that  explosives  qualifying 
under  this  document  for  the  applications  of  paragraph  1.1,  contain  in 
their  procurement  specifications  a  sufficient  number  of  the  tests  des¬ 
cribed  herein  to  assure  continued  control  of  the  properties  which  this 
document  is  designed  to  measure.  When  such  tests  are  not  Included,  the 
requirements  of  this  document,  at  the  discretion  of  the  procuring 
activity,  may  be  invoked  to  demonstrate  that  the  explosive  as  procured 
still  qualifies. 

2.  APPLICABLE  DOCUMENTS 

MIL-P-387A 

MIL-T-00339A 

MIL-STD-650 

Other  documents  are 

3.  DEFINITIONS 
3.1  Main  Charqe  Explosive. 

Main  charge  explosives  are  compounds  or  formulations  such  as  TNT 
or  Composition  B  which  are  used  as  the  final  charge  in  any  explosive 
application.  These  explosives,  because  of  their  insensitivity,  ordinarily 
require  initiation  by  a  booster  explosive.  For  this  document  explosives 
do  not  include  pyrotechnics  or  propellants  unless  they  are  used  as  the 
principle  energy  source  for  destructive  effects. 


(See  5.3. 3.2) 

PETN. 

Tetryl . 

Explosive,  Sampling,  Inspection 
Testing. 

listed  in  the  reference  section. 
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3. 2  Explosive  (Material). 

As  used  herein,  the  term  "Explosive"  or  "Explosive  Material"  implies 
not  only  a  specific  composition,  but  a  specific  particle  size  distribution, 
purity,  and  process  of  manufacture.  Where  a  specification  includes 
several  variants  as  indicated  by  types,  grades,  classes,  etc.,  each 
permutation  of  type,  grade,  class,  etc.,  shall  be  considered  to  be  a 
different  explosive.  When  foreign  materials,  such  as  binders,  lubricants, 
etc.,  are  added  at  the  point  of  loading,  each  explosive  material  with 
each  such  additive  in  each  proportion  will  be  considered  to  be  a  differ¬ 
ent  explosive,  and  each  is  subject  to  the  qualification  provisions  of 
Section  5.  In  addition,  each  shall  be  considered  to  be  a  "new  composition" 
for  consideration  as  per  paragraph  4.2. 

3 . 3  Candidate  Explosive. 

As  used  herein,  the  term  "candidate  explosive"  Is  any  explosive 
material  being  evaluated  in  accordance  with  this  document. 

3.4  Test. 

As  used  herein,  the  term  "test"  Is  the  complete  series  of  trials 
or  replicates  specified. 

3.5  Trial. 

The  term  "trial"  means  the  application  of  a  stimulus  to  a  single 
specimen  of  explosive. 

3.6  Representative  Sample. 

Sampling  procedures  may  be  varied  to  accommodate  circumstances. 
However,  where  feasible,  part  of  each  representative  sample  shall  be 
drawn  from  each  container  and  from  various  locations  within  each  con¬ 
tainer.  The  sample  shall  not  be  blended  before  use  in  tests. 

3. 7  Sub-Sample. 

Where  part  of  each  sample,  as  specified  above,  is  drawn  from  each 
container  and/or  from  various  locations  within  each  container,  each  such 
part  is  considered  to  be  a  "sub-sample". 
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4.  GENERAL  REQUIREMENTS 

4.1  Basic.  All  explosives  used  in  main  explosive  charges  shall  have 
met  all  of  the  mandatory  requirement  given  in  Section  5.  Each  explosive 
material,  as  defined  in  paragraph  3.2,  shall  meet  those  requirements. 

4.2  New  Compositions.  In  addition  to  passing  the  tests  prescribed  in 
the  mandatory  requirements,  each  compound  or  mixture  proposed  for  use 
as  a  main  charge  explosive  shall  be  studied  for  the  possibility  of  re¬ 
actions  with  containers  or  contaminants  or  phase  transitions  under  anti¬ 
cipated  conditions  of  use.  Experiments  shall  be  performed  to  determine 
the  probability  of  such  changes  and  their  effect  upon  sensitivity  as 
determined  by  tests  described  in  Section  5. 

4.3  Explosive  Description  and  Analysis.  A  description  of  what  consti¬ 
tutes  the  explosive  (including  its  composition  analysis)  shall  be  pre¬ 
sented  when  applying  for  an  interim  qualification.  The  explosive  shall 
be  adequately  defined  and  shall  have  met  the  requirements  of  this 
chapter. 

4.4  Spedj^ns^_Cc\n^r{n_ Y.  i The  following  paragraphs  and  the 
more  specific  requirements  for  specimen  preparation  for  specific  tests 
under  Section  5  are  directed  toward  the  preparation  of  specimens  of  each 
candidate  explosive  in  a  physical  or  chemical  state  similar  (as  is  prac¬ 
tical  and  compatible  with  test  procedures)  to  the  physical  and  chnnical 
state  in  which  the  candidate  explosive  is  to  be  used.  Where  within  the 
latitude  of  the  requirements  as  given  it  Is  necessary  to  exercise  judg¬ 
ment  regardi ny  specimen  preparation,  this  objective  shall  form  the  basis 
of  such  judgment. 

4.4.1  Sub-Samples .  lo  the  extent  that  it  is  practical  and  feasible, 
sub-samples  shall  be  kept  separate,  and  equal  numbers  of  specimens  for 
each  test  described  under  Mandatory  Requirements  shall  bo  drawn  from 
each  sub-sample  of  a  candidate  explosive. 

4.4.2  Granular  Explosives.  For  each  test  described  undar  Mandatory 
Requirements,  a  procedure  is  described  for  the  preparation  of  specimens 
from  granular  explosives.  These  procedures  are  applicable  to  pure  crys¬ 
talline  explosives  and  granular  explosive  mixtures,  including  plastic 
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bonded  explosives,  which  are  normally  formed  by  pressing  at  temperatures 
below  the  melting  point  of  the  binder  and  at  which  the  binder  does  not 
undergo  a  chemical  change  (such  as  curing)  as  part  of  the  fabrication 
process. 

4.4.3  Cast,  Molded,  and  Extruded  Explosives.  For  each  of  the  tests 
described  in  the  Mandatory  Requirements,  the  dimensions  of  the  specimen 
required  for  each  trial  are  given  either  in  the  test  or  a  referenced 
drawing  where  necessary.  Where  the  dimensions  of  a  specimen  to  be  used 
in  a  specific  test  are  compatible  with  fabrication  procedures  for  which 
the  candidate  explosive  is  intended,  such  procedures  shall  be  used  in 
specimen  preparation.  Where  intended  fabrication  procedures  are  only 
feasible  for  charges  very  much  larger  than  the  specimens  specified  herein, 
these  procedures  shall  he  used  to  form  billets  of  the  candidate  explosive 
from  which  test  specimens  can  then  be  machined.  Specimens  for  each  test 
described  shall  be  made  from  material  taken  at  each  of  several  locations 
with  respect  to  the  principal  dimensions  of  the  billets  from  which  they 
are  machined. 

5.  MANDATORY  REQUIREMENTS 

5.1  Impact  Sensitivity. 

5.1.1  Acceptable  Procedures.  Impact  tests  of  01  through  08  of  The 
Technical  Cooperation  Program  Manual  of  Sensitiveness  Tests  issued  by 
TTCI>  Panel  0-2  (Explosi ves)  Working  Group  on  Sensitivity,  Feb.  1955 
(Ref.  1)  are  acceptable;  one  of  these  shall  be  used.  Procedures  cover¬ 
ing  Naval  Weapons  Center  (then  NOTS),  Naval  Ordnance  Laboratory,  and 
Los  Alamos  Scientific  laboratory  tests  are  very  similar.  The  Bureau  of 
Mines  end  UCI.Rl.  test  nsethods  are  also  acceptable  for  purposes  of  qualify¬ 
ing  any  non-Nav.y  developed  explosive  for  use  by  the  Navy.  TNT  (set  pt. 
80.2  or  better),  Composition  D  (Grade  If),  and  RUX  are  suggested  cali¬ 
bration  standard:;. 
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5.1.2  Qualification  Criteria.  Although  the  impact  sensitivity  test 
does  not  always  correlate  very  well  quantitatively  and  sometimes 
qualitatively  with  larger  scale  tests,  a  sensitivity  number  less  than 
that  of  RI)X  for  a  formulated  explosive  should  rule  it  out  for  considera¬ 
tion.  This  test  is  to  be  used  only  for  a  guideline;  the  passing  criteria 
are  not  mandatory.  A  sensitivity  number  equal  to  or  greater  than  that  of 
Composition  B  would  indicate  a  likely  candidate  for  larger  scale  sensitivity 
tests.  Standard  explosive  values  should  be  reported  together  with  the  test 
explosive  value  determined  using  the  same  procedures.  The  physical  form, 
state,  and  si2e  (including  whether  powder  or  pellet)  should  be  reported. 

5 • 2  Large  Scale  Gap  Sensitivity. 

The  large  scale  gap  test  or  shock  sensitivity  test  indicates  the 
sensitivity  of  a  material  to  shock  and  therefore  yields  useful  informa¬ 
tion  relating  to  boosteriny  requirements,  safety  from  sympathetic  detona¬ 
tion  while  in  storage,  and  vulnerability  to  air-blast  weapons. 

5.2.1  Acceptable  Procedures.  Explosive  shock  tests  01,  02,  and  04  of 
Ref.  1  apply.  These  are  Bureau  oF  Mines,  NOL /White  Oak,  and  Los  Alamos 
procedures  respectively. 

5.2.2  Qualification  Criteria  for  Large  Scale  Cap  Test.  For  use  as  a 
main  charge  explosive,  the  gap  shall  be  no  greater  at  the  50%  probability 
point  than  the  50%  value  for  tetryl  (at  1.57  t  0.003  g/cc).  Gaps  smaller 
than  those  from  Composition  B  are  preferred.  The  explosive  must  be  com¬ 
pared  using  the  same  gap  test  procedure.  The  preparation  and  the  pro¬ 
cessing  method  for  the  explosive  shall  be  disclosed.  The  small  scale 
gap  test  may  give  useful  information  when  the  material  i*.  limited  in 
quantity.  However,  before  the  explosive  is  considered  as  a  serious 
candidate  for  a  weapon,  the  supply  must  be  sufficient  far  large  scale 
tests. 

5 •  3  Friction  Sensitivi  ty_. 

Friction  sensitivity  tests  are  made  to  determine  relative  safety 
during  processing. 
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5.3.1  Acceptable  Procedures.  Either  of  two  friction  sensitivity  test 
procedures  are  considered  adequate:  The  first  is  covered  by  Friction 
tests  01  through  03  of  Ref.  1  covering  Bureau  of  Mines,  Naval  Weapons 
Center,  and  Picatinny  Arsenal  tests.  The  other  test  is  described  in 
Ref.  2. 

5.3.2  Qualification  Criteria  for  Friction  Sensitivity.  Using  the  pro¬ 
cedures  of  Ref.  1,  20/20  no  fires  using  a  standard  pendulum  with  the 
steel  shoe;  or  Ref.  2,  20/20  no  fires  with  250  pound  force  using  the 
ABL  sliding  friction  machine  with  90  degrees  pendulum  drop  angle  and 

8  ft/sec  initial  slider  velocity  shall  be  sufficient  criteria  for 
passing.  (For  the  test  of  Ref.  1  PETN  fails  and  tetryl  passes;  for 
the  ABL  method  (Ref.  2)  both  usually  pass.) 

5.3.3  Other  Requirements.  The  test  shall  not  be  considered  to  be  valid 
nor  shall  the  results  be  reported  as  part  of  the  qualification  data  for 
the  explosive  under  test  unless  the  following  conditions  are  met. 

5. 3. 3.1  Relative  Humidity.  The  relative  humidity  shall  not  exceed  80% 
as  measured  by  a  wet  and  dry  bulb  thermometer  or  instrument  of  similar 
reliabil ity. 

5. 3. 3. 2  Periodic  Apparatus  Check.  The  apparatus  shall  be  checked  sub¬ 
sequent  to  or  concurrent  with  each  series  of  qualifying  tests,  by  sub¬ 
jecting  a  sample  of  PETN  (Pentaerythritol  tetranltrate)  per  M1L-P-387A 
and  a  sample  of  tetryl  (MIL -T-00339A)  to  a  50%  value  determination  on 
the  friction  sensitivity  test.  Data  obtained  subsequent  to  a  check  test 
shall  not  be  officially  reported  or  used  in  the  qualification  of  any 
candidate  explosive  until  another  apparatus  check  test  has  been  performed. 
(Check  test  trials  may  be  interspersed  among  qualification  test  trials 

in  a  random  or  systematic  order  so  that  the  data  can  be  developed  con¬ 
currently.) 

5 . 4  Electrostatic  Sensitivity . 

Electrostatic  sensitivity  tests  are  made  to  ensure  relative  safety 
from  the  discharge  of  charged  objects  or  bodies  including  humans. 
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5.4.1  Acceptable  Procedures.  The  Naval  Weapons  Center  Electrostatic 
Sensitivity  Test  is  designed  to  simulate  an  electrostatically  charged 
person  or  object  discharging  through  a  thin  layer  of  sample  candidate 
material  to  a  grounded  conductive  surface.  A  sample  of  approximately 
50  mg  is  placed  on  a  grounded  steel  button.  A  capacitor,  in  this  case 
0.02  microfarad,  is  charged  to  a  selected  voltage  by  means  of  a  high 
voltage  power  supply.  The  positive  side  of  the  capacitor  is  then 
brought  into  contact  with  the  sample  by  means  of  a  steel  phonograph 
needle  on  the  end  of  a  probe  and  so  discharges  through  the  sample  to 
the  steel  button,  which  is  grounded  to  the  other  side  of  the  capacitor. 
The  discharge  is  plainly  visible.  The  test  is  normally  conducted  at  a 
voltage  of  5,000  VDC  or  less.  An  ambient  temperature  of  65-90°F  and 
relative  humidity  not  exceeding  802  are  maintained.  The  ABl  report 
(Ref.  2)  estimates  an  ungrounded  person  can  deliver  a  maximum  discharge 
of  0.001  joules  (0.0003pF,  3000  V).  A  second  satisfactory  test  is  that 
of  the  Naval  Ordnance  Station,  Indian  Head  (Appendix  A). 

5.4.2  Criteria  for  Electrostatic  Sensitivity.  There  shall  be  at  least 
20  consecutive  tests  of  which  no  fires  should  occur  at.  the  0.25  joule 
level  under  the  foregoing  test. 

5 . 5  Vacuum  Thermal  Stabili ty  (VTS T  10Q°C. 

5.5.1  Acceptable  Procedures.  Acceptable  tests  are  described  in  Ref.  3, 
as  corrected  by  the  errata  of  11  Jan.  1962.  The  test  described  for 
booster  explosives  (Chapter  3)  is  essentially  the  same.  When  an  explo¬ 
sive  is  to  be  used  at  a  higher  temperature,  values  at  two  higher  temper¬ 
atures  arc  necessary  so  that  proper  extrapolation  can  be  made  (Ref.  4). 

5.5.2  Qualification  Criteria,  lo  be  sufficiently  stable  for  military 
storage  and  use,  the  VTS  value  must  not  be  larger  than  2.0  ml/g/48  hours 
when  a  5  gram  sample  is  used  and  the  test  conducted  according  to  para¬ 
graph  5.5.1.  When  the  products  of  decomposition  are  not  known,  as  in 
the  use  of  new  explosive  ingredients,  it  must  first  be  determined  whether 
gas  evolution  is  sufficient  criteria. 
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5.6  Growth  and  Exudation  Characteristics. 

When  explosives  contain  liquids  as  impurities  they  often  undergo 
irreversible  dimensional  changes  when  subjected  to  many  temperature 
cycles  between  -65  and  +160°F.  In  explosives  containing  TNT,  the 
dini tro toluenes-  form  low-melting  liquid  eutectics  which  cause  problems. 
Mononi trotoluenes  added  as  anti-cracking  agents  give  large  irreversible 
growth  in  TNT  explosives.  In  the  use  of  pure  TNT  explosives,  one  solu¬ 
tion  to  the  cracking  problem  is  the  use  of  pure  TNT  with  addition  of 
high  melting  point  eutectic  formers  which  reduce  cracking  without  intro¬ 
ducing  objectable  irreversible  dimensional  change  during  the  normal 
temperature  variations  encountered  (Ref.  5).  For  details  see  paragraph 
6.7. 

Another  cause  for  irreversible  dimensional  change  Is  the  solid- 
solid  polymorphic  transition  such  as  occurs  with  ammonium  nitrate. 

Table  5-1  gives  the  changes  which  can  occur  such  as  Beta  to  Gamma  at 
32.1°C  with  an  increase  in  volume  of  about  3%. 


TABLE  5-1.  Polymorphic  Forms  of  Crystalline  NH^NOg. 


Liquid 

I  Epsilon  (0 

II  Delta  («S) 

III  Gamma  (y) 

IV  Beta  (d) 

V  Alpha  (o) 


Crystal  system 

Regular  (cubic) 
(isometric) 
Rhombohedral  or 
tetragonal 
Orthorhombic 
Orthorhombic 
Tetragonal 


Dens i ty 

g/cc 

o\ 

m 

u 

at 

130  t-5® 

1.666 

at 

93  +5° 

1.661 

at 

40  +1° 

1.725 

at 

24 3 

1.701 

at 

-25  +5’ 

Range,  °C 
Above  169.6 

125.2  to  169.6 

84.2  to  125.2 
32.1  to  84.2 
-16  to  32.1 
-18  to  -16 


*From  Encyclopedia  of  Explosives,  Vol.  1 


5.6.1  Growth  and  Exudation  Characteristics  Acceptable  Procedures. 
Referent >  7  describes  the  growth  problem  in  some  detail.  Acceptable 
procedures  for  solids  include  any  cylindrical  sample  at  least  1/2-1  rich 
diameter  by  1/2-inch  high,  temperature  cycled  between  -65  and  140°F  for 
30  cycles  or  more.  If  no  exudation  nor  excessive  growth  is  noted  on 
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[  triplicate  samples,  an  additional  test  should  be  made  for  exudation  by 

1  .  placing  two  cylinders  together  inside  a  sealed  can.  These  should  be 

|  '  held  together  by  steel  parallel  face  plates  and  clamped  together  to  an 

|  initial  pressure  of  60  psi.  The  sealed  unit  is  subjected  to  30  cycles 

|  from  ambient  to  140°!',  maintaining  each  temperature  long  enough  for  the 

■  •  entire  sample  to  reach  the  temperature  of  the  oven.  It  is  then  observed 

for  exudation;  any  exudate  is  removed  and  weighed. 

5.6.2  Qualification  Criteria  for  Growtn  and  Exudation  Characteristics. 
Irreversible  "growth”  and  exudation  both  cause  problems  in  ordnance 
items.  Irreversible  dimensional  change  could  ruin  a  carefully  designed 
warhead  by  distorting  the  geometry  of  a  lens  system,  by  damaging  the 
fuze  well,  or  by  causing  leakage  into  detonator  areas. 

The  irreversible  change  after  30  cycles  should  not  be  more  than 
1.0  volume  percent  as  measured  by  calipers  and  calculated,  or  as  deter¬ 
mined  by  density  change.  Exudation  should  be  less  than  0.1%  by  weight. 

5 . 7  Self  Heating. 

A  series  of  laboratory  tests  will  be  run  to  determine  the  relative 
safety  of  material  for  self-heating  under  varied  conditions.  This 
should  include  thermal  decomposition  studies  and  selected  physical  pro¬ 
perty  analysis  on  the  candidate  explosive.  Then,  when  possible,  kinet¬ 
ic  or  procedural  kinetic  parameters  (frequency  factors  and  activation 
energies),  thermal  diffusivity,  heat  capacity  and  heat  of  reaction  will 
be  determined  so  that  for  slab,  sphere,  or  cylindrical  configurations, 
the  critical  temperature  (heat  balance)  and  time  to  explosion  can  be 
predicted  starting  from  any  ambient  or  standard  condition. 

5.7.1  Acceptable  Tests.  Details  of  the  procedure  for  determining  kinet¬ 
ic  parameters,  procedural  kinetic  parameters  and  thermal  diffusivity  of 
explosives  are  described  in  Ref.  6,  7,  and  8  respectively.  The  heat 
|  capacity  and  heat  of  reaction  (or  explosion)  are  standard  laboratory 

tests.  The  procedures  for  calculating  or  predicting  the  critical  tern¬ 
s'  perature  and  the  time  to  explosion  are  described  in  Ref.  7.  The 

i 

| 
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experimental  procedures  for  determining  the  self  heating  (the  experi¬ 
mental  value  for  the  critical  temperature  and  the  time  to  explosion)  of 
an  explosive  charge  of  a  given  mass  and  geometry  are  also  described  in 
Ref.  7. 

5.7.2  Criteria  for  Acceptance. 

Self-heating  should  not  cause  deflagration  nor  be  detectable 
(<  1°F)  in  any  normal  size  or  shape  of  explosive  used  in  bombs  or  war¬ 
heads  from  ambient  temperature  conditions  up  to  165°F.  The  calculated 
critical  temperature  or  the  time  to  explosion  for  a  given  mass  and 
geometry  of  explosive  should  not  be  less  than  180°F  or  500  days  at  this 
temperature.  The  maximum  size  to  be  considered  for  normal  use  will  be 
2,000  pounds.  Whenever  an  explosive  is  to  be  used  in  larger  quantities 
in  any  one  warhead  or  bomb,  self-heating  and  calculations  for  critical 
temperature  and  time  to  explosion  must  be  considered  for  that  size  for 
any  explosive. 

5 . 8  Detonation  Vel_oci t^. 

These  tests  will  be  performed  in  accordance  with  Ref.  9  and  10. 

6.  BACKGROUND  INFORMATION 

The  following  tests  are  desirable  for  background  information.  Some 
of  these  tests  may  be  required  for  either  Interim  or  final  qualification 
depending  upon  the  application. 

6 .  1  Bullet  Impact  Sensitivity . 

Although  bullet  impact  sensitivity  testing  is  required  by  WR-50  for 
warheads,  it  is  covered  herein  for  information  and  is  not  a  sole  cause 
for  rejection. 

6.1.1  Acceptable  Procedures .  The  US/Tragment  lmpact/02  0.50  Caliber 
Projectile  Impact  Sensitivity  Test  used  by  the  Explosives  Research 
Center,  Bureau  of  Mines,  Pittsburgh,  Pa.  (Ref.  1)  is  the  preferred  pro¬ 
cedure.  The  sample  containers  with  flat  ends  may  give  less  variation 
of  results.  US  Fragment  Impact  Tests  01  through  04  are  considered 
satisfactory. 
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6.1.2  Advisory  Statement.  Those  explosives  which  do  not  detonate,  de¬ 
flagrate  or  burn  would  be  considered  highly  desirable:  those  burning 
but  not  detonating  would  still  be  generally  satisafactory,  those  deton¬ 
ating  would  be  used  only  in  applications  where  detonation  from  projectile 
impact  is  unlikely  because  of  protection,  high  altitude  release  or  other 
considerations. 

6.2  SUSAN  Sensitivity  Test. 

This  is  a  test  developed  by  the  Atomic  Energy  Commission  and  has 
been  standardized  by  a  Tripartite  Group  for  atomic  weapons. 

6.2.1  Acceptable  Procedures.  US/Iinpact/14  (Large  Scale-SUSAN)  (Ref.  1) 
as  conducted  at  Naval  Weapons  Laboratory,  Dahlgren  and  designed  by  the 
Lawrence  Radiation  Laboratory  in  1961  is  acceptable. 


6.2.2  Advisory  Statement.  To  be  acceptable  the  explosive  should  indicate 
a  sensitivity  significantly  lower  than  that  of  PBX  9404  in  the  form  and 
density  normally  used  for  these  tests.  This  test  is  not  adequate  in  its 
present  form  for  some  slurry  and  other  explosives. 

6 . 3  Vibration  Test. 

Vibration  tests  will  be  conducted  to  provide  some  indication  of  the 
ability  of  the  new  explosives  to  withstand  a  dynamic  environment  without 
serious  degradation  or  deterioration  of  the  explosive  due  to  powdering, 
physical  property  changes,  structural  failure  of  the  explosive,  etc. 

6.3.1  Accept able  Procedure . 

6. 3. 1.1  Test  Samples.  Test  samples  shall  be  made  by  using  predicted 
liner  material  and  explosive  manufacture  processes  to  make  a  sample  in 
the  test  container  shown  in  Fig.  5-1.  Three  samples  of  a  given  type 
and  manufacture  shall  be  submitted  for  testing. 

6. 3. 1.2  Vibration  Test  Environment.  The  samples  shall  be  subjected  to 
a  vibration  environment  of: 

0.2  inches  double  amplitude  (DA)  from  5  to  14  Hz  (cps) 

2  g  vector  from  14  to  26  Hz 
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I  0.06  inches  Double  Amplitude  (DA)  from  26  to  37  Hz 

! 

|  10  g  vector  from  57  to  500  Hz 

|  *  Sweep  time  from  5  to  500  Hz  shall  be  7  1/2  minutes  for  the  resonant 

1  •  search.  Resonant  dwe 11s  of  30  minutes  shall  be  conducted  at  the  four 

|  lowtest  resonant  frequencies.  If  four  resonant  frequencies  are  not  pre- 

!  ..  sent,  the  total  test  time  of  2  hours  shall  be  completed  by  cycling  from 

;  .  5  to  500  to  5  Hz  in  15  minute  cycles. 

Tests  shall  be  conducted  in  longitudinal  and  one  transverse  direc¬ 
tion  only.  Total  test  time  shall  be  4  hours  and  15  minutes. 

6. 3. 1.3  Test  Instrumentation.  Accelerometers  for  control  and  response 
vibration  measurement  and  thermocouples  for  temperature  measurement 
shall  be  installed  as  shown  in  Fig.  5-1. 

6. 3. 1.4  Test  Temperature.  Tests  shall  be  conducted  at  -40  t  4°F, 

+135  ±  4°F,  and  77  *  5*^.  The  three  samples  (one  at  each  temnerature) 
shall  be  subjected  to  the  test.  Minimum  temperature  pre-conditioning 
time  shall  be  8  hours.  The  temperature  shall  be  maintained  during  the 
tests . 

6. 3.1. 5  Failure  Criteria.  A  catastrophic  failure  (detonation  or  burn) 
shall  be  investigated  to  determine  mode  of  failure.  If  the  failure  is 
due  solely  to  the  explosive,  it  would  be  considered  unusable.  Slight 
deterioration  or  powdering  shall  not  be  considered  a  failure.  Other 
failure  criteria  shall  be  determined  by  the  particular  explosive  char¬ 
acteristics  relative  to  the  series  of  tests  being  conducted. 

6.4  Drop  Tests. 

Since  the  small  scale  impact,  sensitivity  tests  do  not  reliably  pre¬ 
dict  larger  scale  behavior,  other  drop  tests  are  conducted  which  more 
closely  simulate  actual  accidental  dropping  of  weapons. 

6.4.1  Acceptable  Test  Procedure.  US  Impact  09  through  12  (Ref.  1) 
covering  Naval  Weapons  Center,  NOL/White  Oak,  and  Naval  Weapons  laboratory/ 
,  .  Dahlgren  tests  are  acceptable.  It  Is  not  expected  that  more  than  one  of 

i  these  tests  will  be  used  on  any  one  explosive. 
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6.4.2  Advisory  Statement.  Those  tests  have  In  the  past  been  performed 
to  provide  information,  and  decisions  have  been  made  based  on  comparison 
with  other  explosives.  Explosives  more  sensitive  than  Comoosition  B 
have  been  questioned,  but  some  have  been  passed.  The  explosive  can  be 
categorized  according  to  this  test  as  more  or  less  sensitive  than  others, 
and  explosive  selection  for  warhead  considerations  made  accordingly  with¬ 
out  go-no-go  criteria. 

6.5  Small  Scale  Gap  Test. 

This  test  may  be  performed  during  preliminary  evaluation  of  the 
explosive  to  determine  particular  applications  of  Interest.  The  test 
is  not  required  for  main  charge  explosives;  however,  since  the  large 
scale  gap  test  is  considered  an  essential  discriminatory  test,  it  may  be 
useful  in  preliminary  evaluation. 

6.5.1  Acceptable  Procedures.  Acceptable  tests  are  US  Explosive  Shock 
03  (Ref.  1)  an  NOL  procedure,  US  Explosive  Shock  06,  a  Naval  WeaDons 
Center  procedure,  and  US  Explosive  Shock  07,  a  Pantex  Ordnance  Plant, 
Amarillo,  Texas  procedure. 

6.6  Skid  Tests. 

A  combination  of  friction  and  impact  Is  a  frequent  cause  of  accidents 
where  large  pieces  can  be  dropped  a  few  feet.  The  skid  test  was  oriqinally 
developed  by  the  Atomic  Research  Establishment  in  cooperation  with  the 
Explosives  Research  and  Development  Establishment,  both  of  the  United 
Kinqdom.  (This  test  alone  has  caused  an  explosive  otherwise  considered 
safe  to  be  withdrawn  or  modified  before  acceptance  by  the  University  of 
California,  Lawrence  Radiation  Laboratories.) 

6.6.1  Acceptable  Procedure.  Acceptable  tests  are  US/Friction  plus 
Impact  01  and  02  (Ref.  1). 

6.6.2  Advisory  Statement.  Although  this  is  listed  under  background 
information,  if  conducted,  a  value  of  less  than  5  feet  in  Test  02  giving 
high  order  detonations  should  disqualify  an  explosive.  Similarly  In 
test  01  a  50X  height  of  less  than  9  feet  should  be  cause  for  rejection. 
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6.7  High  Temperature  Exposure. 

The  nature  of  this  test  will  depend  upon  the  expected  use  of  the 
explosive.  If  it  is  expected  to  be  used  at  hioher  than  normal  storage 
temperatures  (e.g.,  flight  at  high  Mach  Mo.),  the  upper  temperature  re¬ 
quirement  must  be  determined  (Ref.  4). 

6.7.1  Acceptable  Procedures. 

6. 7. 1.1  The  procedure  of  WR-50  (MIL-STD  810$  Test  501)  (Pef.  11)  shall 
be  used  except  that  the  specimen  rather  than  being  a  warhead  will  be  a 
test  vehicle.  A  4-inch  diameter  by  6-inch  lono  pipe  with  caps  on  both 
ends  will  be  used.  Three  of  these  will  be  filled  with  4  inches  of  explo¬ 
sive  being  careful  to  keep  explosive  cut  of  threads.  The  weinht  and 
height  should  be  determined  accurately.  Post  test  examination  shall  be 
made  for  irreversible  growth,  cracking,  exudation,  and  any  miaration  of 
explosive  ingredients. 

6. 7. 1.2  A  supplementary  test  shall  be  to  include  three  sets  of  two 
specimens,  1-inch  diameter  and  1-inch  high,  clamped  tonether  at  a  pres¬ 
sure  of  60  psi.  These  specimens  shall  underno  the  sample  test  cycle  and 
examination  for  exudation.  Instead  of  beino  exposed  to  humidity,  these 
specimens  should  be  placed  in  sealed  containers  so  that  any  exudate  will 
not  be  lost.  Samples  shall  be  measured  and  weighed  accurately;  and 
weight  loss,  irreversible  dimensional  changes,  and  percent  of  exudate 
determined. 

6. 7. 1.3  An  alternate  procedure  for  determining  exudation  under  tempera¬ 
ture  cycling  exposure  is  the  procedure  used  for  determining  exudation  of 
a  PBX  during  cycling  to  300°F. 

6. 7. 1.3.1  The  explosive  to  be  tested  is  cast  into  2  inch  diameter  by 

1  5/8  inch  high  charnes  or  into  aluminum  cups  of  about  the  same  inside 
dimensions,  each  with  a  cover  with  outside  threads  which  can  be  screwed 
Into  the  aluminum  cud  to  make  contact  with  the  top  of  the  explosive. 

6. 7. 1.3. 2  The  cup  dimensions  are  approximately  as  shown  in  Fig.  5-2. 
Half  of  the  covers  have  1/8  inch  diameter  holes  in  the  center. 
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FIG.  5-2.  Aluminum  Cup. 


6. 7. 1.3. 3  After  curing,  there  is  a  gap  of  less  than  0.002  inches  be¬ 
tween  the  explosive  and  the  aluminum  container  when  PBXC-113  is  used. 

6. 7. 1.3. 4  The  charges  in  the  containers  and  also  the  base  charges  are 
cycled  to  a  temperature  of  149°C  (300°F),  held  at  this  temperature  for 
1  hour,  and  then  cooled  to  ambient. 

6. 7. 1.3. 5  After  10  cycles,  weight  and  dimensional  changes  of  all  samples 
are  measured  to  check  for  possible  losses  and  exudate. 

6. 7. 1.3. 6  The  results  obtained  for  PBXC-113  are  noted  in  Table  3  of 
Ref.  4.  These  show  that  there  was  less  weight  loss  on  cyclinq  for  the 
charges  in  the  aluminum  containers  than  for  the  bare  charges.  Thus  if 
pressure  was  exerted  upon  the  explosive  sample  it  did  not  force  as  much 
liquid  out,  and  the  inference  is  that  the  explosive  does  not  have  a 
tendency  to  exude. 
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NOTES 

(1)  This  procedure  has  been  used  with  only  one  explosive, 

PBXC-113,  and  it  did  not  show  exudation. 

(2)  Due  to  the  lack  of  standardization  of  the  test  with  a 
number  of  explosives,  it  must  be  considered  somewhat 
qualitative. 

(3)  Use  of  this  specific  procedure  may  be  misleadinq  for 
an  explosive  with  a  high  percentage  of  shrinkage  on 
curing,  since  a  large  gap  between  the  explosive  and 
wall  would  result  in  less  pressure  buildup  at  the 
test  temperature. 

6.7.2  Advisory  Statement.  Greater  than  12  weight  loss  for  any  reason 
(other  than  loss  of  water)  or  irreversible  dimensional  change  should  be 

i 

cause  for  rejection.  Greater  than  0.12  exudation  (other  than  water)  is 
also  cause  for  rejection.  Crumbling  under  the  temperature-humidity 
cycling  is  also  grounds  for  rejection.  If  exudation  and  growth  are  not 
excessive  and  other  properties  are  not  changed  excessively  (see  WR-50  l-  flltlSfj) 

'i  iO  B 

Test  501, paragraph) ,  the  explosives  are  considered  to  have  passed  this 
test  series. 


6 • 8  Compatibility  With  Standard  Materials. 

Explosives  are  used  in  proximity  with  various  materials;  it  is  im¬ 
portant  that  the  explosive  not  react  with  steel,  brass,  copper,  aluminum, 
zinc,  magnesium,  lead,  stainless  steel,  and  malleable  iron. 

6.8.1  Acceptable  Procedure.  Reactivity  test  given  in  MIL-STD-650  under 
504.1. 

6.8.2  Advi story  Criteria  for  Compatibility  from  Reactivity  Tests.  The 
mixture  should  show  no  enhancement  in  gas  evolution  as  described  in  MIL- 
STD-650. 


i 
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6 . 9  Physical  Stability . 

The  explosive  should  maintain  its  integrity  throughout  the  normal 
usage  temperature  range  (-65  to  160°F)  (Ref.  12  and  13).  That  is,  it 
should  neither  be  segregated  by  standing  (or  from  being  vibrated)  at  an 
elevated  temperature  nor  bo  changed  In  physical  phase  such  that  a  large 
volume  expansion  occurs. 

6.9.1  Acceptable  Procedure.  Exudation  and  irreversible  dimensional 
change  were  covered  under  paragraphs  5.6  and  6.7.  To  observe  whether 
segregation  occurs,  analysis  cf  sections  of  the  explosive  must  be  made 
when  the  material  has  been  partially  liquid  at  any  time. 

6.9.2  Criteria  for  Acceptance.  A  composition  spread  of  more  than  4X  of 
one  ingredient  from  top  to  bottom  of  an  explosive  charge  (not  specifi¬ 
cally  designed  that  way  for  an  application)  should  be  considered  exces¬ 
sive. 

6.10  Physical  Properties. 

6.10.1  Meltinrj  Point.  This  is  a  simple  determination  and  any  method 
where  a  suitable  calibration  standard  is  used  in  the  range  of  the  melt¬ 
ing  point  of  the  compound  or  mixture  involved  is  considered  suitable. 

6.10.1.1  Procedures .  One  acceptable  procedure  is  as  described  on  page 
19  of  (Ref.  3).  Another  acceptable  procedure  is  "Meltino  Point  of  Semi- 
Crystalline  Polymers",  A STM  02117-64(27)  1968. 

6.10.1.2  Criteria  for  Melting  Point.  For  a  conventional  solid  exnlo- 
sive,  there  should  be  no  melting  of  ingredients  below  60°C  (140°F).  The 
preferred  solid  explosives  melting  point  would  be  above  72°C  (160°F). 

6.10.2  Softening  Point. 

6.10.2.1  Acceptable  Procedure.  ASTM  D1525  (27)  p.  525  (1968).  The 
softening  point  can  be  used  where  non-crystalline  or  non-melting  compon¬ 
ents  are  present. 

6.10.2.2  Criteria  for  Softening  Point.  No  softening  of  a  material 
should  occur  below  60°C  (140°F). 
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6 . 1 1  Physical  Properties  at  Various  Temperatures. 

Within  the  temperature  range  of  normal  use  (unless  otherwise  soeci- 
fied  -65  to  +160°F),  the  material  should  not  underpo  undesirable  changes 
in  properties.  A  phase  change  that  caused  the  material  to  underqo 
liqui faction  would  be  unsuitable  if  a  design  incorporation  the  use  of 
an  explosive  did  not  allow  for  use  of  liquids.  If  physical  strength 
such  as  compressive  and  tensile  are  made  use  of  in  subsequent  applica¬ 
tions,  a  large  degradation  of  strength  on  heating  could  lead  to  a  design 
failure.  A  solid  polymorphic  transition  could  also  lead  to  undesirable 
properties. 

6.11.1  Acceptable  Procedures.  ASTM  or  other  recognized  standards  are 
sufficient  for  physical  strength  tests.  Compressive  and  tensile  strength 
and  modulus  of  elasticity  are  often  useful  measurements  (see  paragraphs 
6.15  through  6.24). 

6.11.2  Advisory  Statement.  Unless  certain  properties  are  called  for 
in  applications  considered,  this  need  not  be  considered  for  acceptance, 
however  gross  reduction  in  physical,  tensile,  and  compression  strength 
should  be  cause  to  question  the  use  of  the  explosive.  A  100%  or  more 
reduction  ir.  modulus  might  indicate  a  phase  change  with  attendant  possible 
exudation. 

6.12  Toxicity.. 

It  is  important  that  relatively  non-toxic  materials  be  used  whenever 
possible  both  to  prevent  hazard  to  health  in  processino  plants,  and  po¬ 
tential  hazard  during  storage  and  handling  should  breakage  or  corrosion 
leaks  occur. 

6.12.1  Acceptable  Procedure.  New  and  untested  materials  should  be  tested 
for  toxicity.  NAVMAT  INST  5100.3  MAT  045  duly  17,  1969  will  be  followed 
in  investigating  and  controlling  hazardous  materials  which  are  not  explo¬ 
sive  but  which  may  be  ingredients  in  explosives  formulations.  For  ex¬ 
plosive  materials  SECNAV  6270. 2A  shall  be  followed.  A  letter  will  be 
processed  via  Industrial  Hygienist  of  the  activity  concerned  to  BuMed 


I 
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Code  73.  The  Bureau  of  Medicine  and  Surgery  in  turn  reports  to  the 
Council  who  determines  whether  a  toxicity  study  should  be  made.  Some 
activities  have  other  routines  which  arc  working  satisfactorily. 

6.12.2  Criteria  for  Acceptance.  This  is  determined  by  the  Occunational 
Health  Division  of  the  Bureau  of  Medicine  and  Suroery. 

The  duPont  Company  has  estimated  that  a  full  toxicity  study  on  one 
of  their  new  products  costs  them  about  one  million  dollars. 

6.13  Radiation  Effects. 

Knowledge  of  the  effects  of  radiation  (X-ray,  y-rays»  and  neutrons) 
may  be  desirable  for  new  explosives. 

6.13.1  Acceptable  Procedure.  The  procedure  of  Ref.  14  1$  tentatively 
suggested  in  lieu  of  a  standardized  procedure.  In  addition  ASTM  D1672- 
66  (27)  P553  (1968)  Exposure  of  Polymeric  Materials  to  High  Energy  Radia¬ 
tion  provides  information  on  exposure,  especially  of  polymer  binders  to 
radiation. 

6.14  Effect  ofjxjwsjim  to  Moisture. 

The  results  obtained  in  the  presence  of  moisture  should  be  known. 

This  can  be  obtained  during  other  tests  such  as  those  for  growth  and 
exudation.  Moisture  on  aluminized  explosives  particularly  during  pro¬ 
cessing  can  cause  fire,  for  example,  while  being  oven  dried,  when  non 
passivated  aluminum  is  used. 

6.15  Coeffid  en  t_  or  Jhe rmaJ_Exp_a_ns  i on . 

6.15.1  Acceptance  P/c-cy^  Coefficient  of  linear  thermal  expansion- 
of  plastics  ASTM  D6%-(27)  1968  and  Coefficient  of  Cubical  Thermal  Ex¬ 
pansion  of  Plastics  ASTI!  D  814-52  (27)  1968. 

6.16  TliennaJ  Conduct iy i  ty . 

6.16.1  Accep tab! e  Procedures .  Test  for  thermal  conductivity  of  materials 
by  means  of  the  guarded  hot  plate  ASTM  C-177  (27)  1968.  Also,  plastics- 
General  Methods  of  Testing,  Nomenclature  ASTM  D2326-64T  (26)  p  483  (1968) 
includes  another  conductivity  measurement. 
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6.17  Flexural  Strength . 


6.17.1  Acceptable  Procedures.  Flexural  Properties  of  Plastics  ASTM 
D790-66  (27)  p  302  (1950). 

6.18  Modulus. 

6.18.1  Acceptable  Procedure.  Included  under  compressive  properties  in 
ASTM  D  695-63T  (27)  p  249  (I960). 

6.19  Hardness . 

6.19.1  Acceptable  Procedure.  Rockwell  Hardness  of  Plastics  end  f.ler.trlcr 
Insulatory  Materials  AS1M  D785-G5(27)  (1968). 

6 . 20  Compressive  Strength. 

6.20.1  Acceptable  Procedure.  ASTM  D695-63T  (27)  p  240  (1960).  this 
document  includes  coi: press iv:>  *1  ivss;  compress !  w-  slrrnoth,  compressive 
strength  at  failure,  (.empress  ive  dero;im!’ion,  conip re ssivo  strain,  camp;  .> 
sive  yield  point,  yield  strength,  Modulus  of  elasticity  and  ri.'sliino  '<oad. 

6.21  Tensile  Strength. 

6.21.1  Acceptable  Procedure.  ASTM  Do3D(27)  p  109  (1968).  This  include? 
tensile  strength,  percent  elongation,  rate  of  stressing,  and  clastic, 
modulus. 

6.22  Impact  Resistance. 

6.22.1  Acceptable  Procedure.  Impact  Resistance  of  Plastics  at  Subnormal 
and  Supernormal  temperatures  ASTM  D  758  (27)  p  290  (1963). 

6.23  Stiffness. 

6.23.1  Acceptable  Procedure,  Stiffness  of  Plastics  by  means  of  a  Canti¬ 
lever  Beam,  ASTM  D  747-63  (27)  p  272  (1968). 

6.24  Deformation  Under  Load. 

6.24.1  Acceptable  Procedure.  Deformation  of  Plastics  Under  load,  ASTM 
D621-64  (27)  p  175  (1968).  This  is  a  useful  test  to  aid  in  determining 
flow  properties  and  comoressibility. 
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6.25  Bulk  Density. 

It  is  important  to  know  the  bulk  density  of  an  explosive  both  for 
a  solid  warhead  or  bomb  explosive  and  for  explosive  powders  that  are  to 
be  pressed. 

6.25.1  Acceptable  Procedures.  The  procedure  of  4.6.7  of  WS  3824  (Ref. 

15)  applies.  Place  approximately  50  prams  (weighed  to  nearest  0.1  pram) 
of  the  sample  material  from  the  composite  sample  (as  described  under 

4.3.1  of  WS  3824)  into  a  100  ml  cylinder  (graduated  in  1  ml  increments). 
Compact  the  material  by  allowing  the  cylinder  fall  freely  from  a  height 
of  1-inch  onto  a  1/4-inch-thick  felt  pad  meeting  requirements  of  Speci¬ 
fication  C-F-206,  Type  I,  Class  16R3.  After  the  sample  material  has 
been  compacted  50  times,  read  the  volume  of  material  in  the  cylinder  to 
the  nearest  ml. 

u 

Bulk  density:  gm/ml  »  y- 

where 

W  «  weight  or  sample  In  grams 
V  «  volume  compacted  material  in  ml. 

6.25.2  Another  acceptable  procedures  is  Apparent  Density,  Bulk  Factor 
and  Pourabilit.v  of  Plastic  Materials  ASTM  D  1895-67  (27)  p  604  (1968). 

6 . 26  Shrinkage  on  Cure. 

6.26.1  Acceptable  Procedure,  linear  Shrinkage  of  Themosettino  Casting 
Systems  During  Cure.  ASTft  D  2566-66T  (26)  p  727  (1968). 

6 . 2 7  Flow  and  Injection  Moldability. 

6.27.1  Acceptable  Procedure.  Injection  Molding  of  Specimens  of  Thermo¬ 
plastic  Molding  and  Extrusion  Materials,  ASTM  01897-68  (27)  p  613  (1968). 

6.28  Adiabatic  Sensitivity  Test. 

6.28.1  Acceptable  Procedures.  A  satisfactory  test  Is  that  of  the  Naval 
Weapons  Station,  Yorktown,  Va.  (Apoendix  B). 
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6 . 29  Thermal  Detonability  Test. 

The  explosive  detonability  test  measures  the  type  of  fraqmentatlon 
produced  under  controlled  conditions.  From  this  it  can  he  determined 
whether  a  detonation  or  merely  a  deflagration  has  occurred.  The  test 
forms  an  inter-correlation  to  the  existing  enveloping  flame  tost  as 
described  in  WR-50,  where  the  time-temperature  history  of  both  tests 
are  in  the  same  reqion. 

6.29.1  Acceptable  Tests.  Details  of  this  test  are  described  jn  Ref.  '/ 
and  16. 

6.29.2  Criteria  for  Acceptance.  Those  explosives  which  do  not  detonat;: 
in  this  test  but  burn  slowly  without  transformation  to  detonation  would 
be  considered  highly  desirable.  Those  that  only  deflagrate  raoidly  but 
do  not  detonate  under  the  test  may  be  acceptable. 

6 . 30  Compos  i  ti  on  Ana  l.vsis. 

A  composition  analysis  procedure  should  be  available  before  the 
explosive  is  considered  for  weapon  application.  Each  procedure  will 
have  to  be  determined  according  to  the  ingredients  and  their  properties 
and  the  methods  necessary  for  their  separation  and  determination. 

6.30.1  Acceptable  Procedure.  Any  procedure  that  gives  innredient  anal- 
sis  sufficiently  close  for  practical  evaluation  (usually  from  +0.1  to 
±  0.2  of  the  true  value)  will  be  satisfactory.  This  varies  according 
to  the  type  of  composition  and  actual  ingredients. 
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7.  PERFORMANCE 


Explosive  performance  is  considered  separately  from  essential  tests 
and  background  information  because  some  performance  methods  will  be  con¬ 
sidered  essential  for  some  applications  and  others  for  different  appli¬ 
cations.  The  performance  of  an  explosive  in  a  given  weapon  is  determined 
through  a  number  of  warhead  tests  such  as  fragmentation  with  recovery  of 
fragments,  damage  to  specific  targets,  and  pressure  measurements. 

In  order  to  decide  to  which  applications  particular  new  explosives 
should  be  applied,  it  Is  necessary  to  determine  values  relating  to  parti¬ 
cular  modes  of  energy  delivery  (i.e.,  fragments,  air-blast,  shaped  charge, 
etc.).  Calculations  and  past  experience  serve  as  general  guides  toward 
synthesizing  and  formulating  explosives  with  sufficient  potential  energy 
and  release- rate- level  to  be  undertaken  for  development.  Calculations, 
while  providing  information  for  Initial  selection,  must  be  backed  up  by 
actual  performance  data  before  selection  is  made  to  use  the  explosive 
in  a  given  application.  If  the  initial  objective  for  an  explosive  is  to 
increase  energy  of  a  fragmenting  warhead,  for  example,  tests  which  give 
results  correlating  well  with  fragmenting  warheads  are  desired.  Gurney 
values  for  explosives  have  been  used  to  predict  fragment  accelerating 
capability  in  non-nuclear  warheads.  In  nuclear  warheads,  hydrodynamic 
codes  together  with  determined  explosives  parameters  such  as  Chapman 
Jouget  pressure,  detcrtation  temperature  and  others  are  used.  Experi¬ 
mental  methods  that  scale  well  are  preferred  for  performance  evaluation. 

Of  all  the  means  for  predicting  either  fragment  acceleration  or  metal 
movement  for  nuclear  or  non-nuclear  warheads,  the  cylinder  expansion 
method  Is  considered  the  best. 

A  condensation  (Table  5-2)  has  been  made  of  the  performance  evalua¬ 
tion  methods  which  appear  useful  for  explosives  considering  the  applica¬ 
tions  for  which  this  Information  is  needed. 
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7.1  Determination  of  Critical  Diameter. 

In  his  discussion  of  the  effect  of  charge  diameter  on  the  detonation 
velocity  of  cylindrical  charges,  Taylor  (Ref.  1)  states: 

"These  results  show  that  the  maximum  or  tydrodynaml c  velocity 
of  detonation  is  approached  as  the  diameter  is  increased,  but 
as  the  diameter  is  reduced  the  velocity  fails.  Eventually 
the  velocity  becomes  so  low  that  the  detonation  wave  is  not 
strong  enough  to  maintain  its  own  propagation.  There  is, 
therefore,  a  critical  minimum  diameter  for  any  explosive 
below  which  a  self-sustained  detonation  wave  will  not  pro¬ 
pagate." 

This  critical  diameter  (d  )  defines  the  threshold  for  propagation  of 

v* 

steady-state  conditions.  Because  it  is  a  failure  threshold,  it  is  far 
more  easily  affected  by  small  variations  in  the  physical  properties  of 
the  charge  than  is  the  value  of  the  detonation  velocity  at  larger  dia¬ 
meters.  Consequently,  charges  must  be  of  good  quality  if  reproducible 
results  are  to  be  obtained.  Charge  preparation  recommendations  of  para¬ 
graph  7.2  should  be  used. 

As  an  explosive  approaches  its  d  ,  its  shock  sensitivity  decreases 
rapidly.  Hence,  it  is  important  to  specify  a  powerful  booster  (e.g., 

CH-6,  9404)  for  these  tests.  Any  irregularity  of  the  charge  such  as 
continuous  wires  or  metal  probes  are  apt  to  perturb  the  threshold  con¬ 
ditions.  Hence,  optical  measurements  with  the  smear  camera  are  recom¬ 
mended.  For  a  steady  detonation,  the  streak  is  straight;  for  a  failing 
detonation  the  streak  is  curved,  and  may  disappear  altogether.  In  fact, 
some  of  the  unreacted  explosive  may  be  recovered  after  the  shot.  It  is 
not  necessary  to  determine  the  instantaneous  velocity  ot  the  detonation 
from  the  curved  traces.  The  observation  that  the  trace  is  definitely 
curved  in  the  direction  of  decreasing  velocity  is  sufficient  to  show 
that  the  test  diameter  is  <  d  .  This  avoids  the  necessity  of  differentia- 

W 

tion  of  experimental  data.  It  is  important  to  have  a  sufficiently  long 
charge  because  as  d  approaches  d  from  below,  the  shock  induced  reaction 

V 

may  run  for  long  distances  at  apparently  constant  velocity  *efore  failure 
can  be  seen  -(Ref.  2). 
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The  most  direct  method  of  determining  d  is  to  fire  a  series  of 
different  diameter  charges  and  obtain  the  smear- camera  record  of  each. 

For  castable  materials  which  can  be  easily  prepared  as  conical  charges, 
the  record  of  the  reaction  initiated  at  the  cone’s  base  will  show  failure 
at  some  diameter  of  the  cone.  This  measured  d  is  always  too  small,  be- 

v 

cause  in  a  base  initiated  conical  charge  the  detonation  is  overboostered 
as  it  progresses  to  smaller  diameters.  The  use  of  s  stepped  cylinder, 
instead  of  a  cone,  avoids  this  problem  but  introduces  others .  The  length 
at  each  diameter  (each  step)  must  be  about  4  d  or  greater  to  allow  the 
overboostering  to  fade  out  and  a  sufficient  length  of  steady  state  pro¬ 
pagation  to  measure  detonation  velocity  (D).  The  camera  cannot  view  an 
extremely  long  cnarge  and  still  give  a  record  that  can  yield  ari  accurate- 
value  of  D.  Hence,  the  stepped  cylinder,  like  the  cone,  is  best  suited 
for  obtaining  a  preliminary  and  approximate  value  of  d  .  )t  should  be 

V 

followed  by  more  precise  measurements  on  cylindric.il  charges. 

Another  approximate  method  was  used  by  Smith  (Ref.  3)  who  observed 
the  dents  produced  In  steel  plates  b.v  charges  of  different,  diameters. 

This  method  depends  on  an  approximate  measurement  of  total  "output"  and 
does  not  establish  the  existence  of  a  steady-state  detonation.  It  may, 
however,  give  a  good  estimate  of  dc,  and  it  can  be  applied  to  confined 
charges  (as  can  also  the  probe  method  of  measuring  D).  Up  to  this  point 
only  bare  uncontined  charges  have  been  considered  because  the  theory  of 
confinement  Is  not  quantitative.  For  practical  problems  it  Is,  of  course, 
possible  to  work  with  a  scaled  confinement,  i.o.,  constant  ratio  of  wall 
thickness/internal  diameter. 

The  range  in  d  over  all  explosives  is  very  large.  Common  pressed 
HE  have  d  of  -1  cm  or  less  whereas  voidless  composite  propellants  may 
exhibit  d  of  -several  meters.  For  the  materials  with  a  very  small  d  , 

C  w 

it  is  sometimes  easier  to  prepare  a  rectangular  plate  charge  (or  even  a 
wedge)  than  to  prepare  a  cylinder.  In  such  cases,  a  critical  height 
(instead  of  dc)  is  measured  and  may  be  related  to  a  corresponding  <JC 
(Ref.  4).  For  charges  of  very  large  d  ,  strong  confinement  is  sometimes 

I* 

used  to  reduce  charge  size. 
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7 • 2  Determination  of  Infinite  Diameter  Detonation  Velocity. 

Detonation  velocity  (D)  is  the  most  easily  measured  of  the  detonation 
parameters.  Its  value  is  highly  dependent  on  the  loading  density  (pc)  of 
the  charge  and  somewhat  dependent  on  charge  diameter  and,  for  granular 
charges,  on  the  initial  particle  size  of  the  explosive.  The  hydrodynamic 
theory  of  detonation  includes  the  density  effect  but  not  the  diameter 
effect.  Hence,  it  is  the  detonation  velocity  which  would  be  observed  in 
an  infinite  diameter  cylindrical  charge  (D^)  that  is  necessary  in  any 
comparison  of  experimental  results  with  the  theory. 

The  usual  method  of  obtaining  D^  is  to  fire  a  series  of  charges  of 
different  diameters  (d),  and  measure  the  corresponding  D.  A  plot  of  D 
versus  d  generally  shows  D  increasing  with  d  and  apparently  approaching 
the  value  D.  asymptotically  as  d  *►  ».  However,  it  is  difficult  to  select 

1  _i 

D.  from  such  a  curve,  and  it  is  more  customary  to  plot  D  versus  d  or 
I  o  _2 

D  versus  d  (see  Ref.  1)  in  a  range  of  values  of  d  large  enouoh  to 

_1  “ 

give  a  linear  curve.  D.  is  then  taken  from  the  intercept  at  d  =  0  or 
-2  1  -1 

d  =0.  The  plot  D  versus  d  is  most  commonly  used  and  seems  most 
successful  in  exhibiting  linearity  at  large  values  of  d. 

Because  a  nurriber  of  charges  must  be  used  in  determining  the  value 
of  D,|  for  a  single  explosive  in  a  given  physical  condition,  charge  pre¬ 
paration  is  a  problem.  For  good  results,  all  charges  should  be  prepared 
from  one  uniform  batch  of  the  explosive.  If  the  charges  are  pressed, 
isostatic  pressing  Is  recommended  in  preference  to  ram  pressing  (Ref.  5). 
This  method  requires  machining  the  pressings  to  make  cylinders  of  the 
required  dimensions.  If  the  material  is  cast  from  a  melt,  conditions 
must  be  carefully  controlled  to  insure  that  all  charges  have  the  same 
physical  properties  (e.g.,  the  same  density  and  the  same  crystal  struc¬ 
ture.  Hence,  charges  of  different  diameters  and  length  must  be  prepared 
under  carefully  controlled  conditions  in  order  to  determine  the  true 
value  of  D. .  Diameters  of  the  charqes  should  be  chosen  so  that  the  re¬ 
sulting  data  are  most  useful  in  the  extrapolation  to  D^.  That  is,  if 
d  is  chosen  as  the  independent  variable  for  plotting  the  results,  the 
data  points  should  be  more  or  less  equally  spaced  with  respect  to  the 
d’1  axis. 
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The  booster  explosive  should  have  a  shock  impedance  about  20-30% 
greater  than  that  of  the  test  explosive  so  that  detonation  is  initiated 
reliably.  Because  of  the  mismatch  of  the  explosives,  the  test  charges 
must  be  long  enough  so  that  the  effects  of  over  boostering  will  die  out 
by  the  time  the  detonation  reaches  the  portion  of  the  charge  v'hera  the 
detonation  velocity  is  to  be  measured.  That  is,  the  measured  D  should 
be  that  for  steady  state  detonation.  The  length  of  charge  required  for 
this  is  conveniently  expressed  in  terms  of  the  ratio  of  the  length  of 
the  charge  to  its  diameter,  d/d,  ant*  is  probably  adequate  whc-.r  t/d 
>  2  (see  Ref.  3).  If  the  explosive  has  a  front  of  constant  curvature, 
this  distance  will  also  be  sufficient  for  its  establishment.  If,  on 
the  other  hand,  the  explosive  has  a  front  shaving  spherical  expansion, 
an  1/ d  >9  should  be  attained  for  1%  accuracy  (Ref.  6).  In  such  a  case, 
use  of  a  plane  wave  booster  can  reduce  the  required  length  of  run  before 
measurement. 

Detonation  velocity  can  be  determined  in  any  of  several  ways;  the 
choice  of  a  method  probably  depends  more  on  the  availability  of  equip¬ 
ment  and  well  tested  procedures  than  on  any  inherent  advantage  of  a 
given  method.  Some  of  these  methods  are  discused  by  Taylor  in  Ref.  1. 

7.2.1  Chronograph ic  Method.  The  chronographic  method  is  widely  used; 
it  depends  on  the  closing  of  "switches"  either  by  the  conduction  of  hot 
gases  between  two  electrodes,  or  the  forcing  together  of  two  electrodes 
by  the  pressure  induced  by  the  detonation.  Precision  of  the  measure¬ 
ments  depends  on  the  number  of  switches  or  pins  f  ho  I  are  used  on  the 
charge,  and  on  the  precision  of  the  equipment.  Precautions  which  should 
be  observed  are  discussed  in  Ref.  7. 

^•2.2  Electronic  Method.  Another  method,  which  is  also  entirely  elec¬ 
tronic,  depends  on  embedding  a  resistance  wire  in  the  explosive  (Ref.  8). 
A  constant  current  is  maintained  in  the  resistance  wire  and  the  return 
path,  which  may  be  a  nearby  embedded  copper  wire,  a  wire  or  foil  on  the 
surface  of  the  charge,  or  a  metal  case  if  the  charge  is  confined.  The 
voltage  across  the  resistance  wire  is  recorded  on  an  oscilloscope.  This 
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voltage  decreases  as  the  detonation  moves  along  the  wire  and  effectively 
shortens  the  wire.  This  method  gives,  in  effect,  the  instantaneous  posi¬ 
tion  of  the  detonation  front,  so  that  the  slope  of  the  trace  on  the  re¬ 
cord  from  the  oscilloscope  is  proportional  to  the  detonation  velocity. 

A  closely  related  technique  uses  a  resistance  wire  which  is  wound  on  an 
insulated  wire  or  other  conducting  core  (Ref.  9  and  10).  These  methods 
are  not  recomnended  for  pressed  charges.  The  precision  of  either  version 
of  the  resistance  technique  depends  on  the  quality  of  the  charges,  the 
precision  of  making  the  probes  and  the  precision  of  the  electronics. 

For  small  diameter  charges,  the  probes  and  wires  may  perturb  the  detona¬ 
tion  front  so  that  a  true  value  of  the  detonation  velocity  can  not  be 
obtained. 

>.2.3  Optical  Method.  A  commonly  used  optical  method  makes  use  of  the 
streak  or  smear  camera  to  record  the  instantaneous  position  of  the  de¬ 
tonation  front.  This  method  is  also  discussed  by  Taylor,  who  gives  a 
picture  of  the  "streak"  for  a  typical  explosive.  Because  the  record 
gives  the  instantaneous  location  of  the  detonation  front,  the  slope  of 
the  streak  is  proportional  to  the  velocity.  Simple  data  reduction 
techniques  can  be  used  for  the  application  discussed  here.  The  traces 
are  straight  so  that  after  digitizing,  the  data  are  fitted  with  a  linear 
relation,  the  coefficient  of  the  time  being  the  velocity  of  the  detona¬ 
tion.  Again,  this  method  can  be  made  to  give  precise  results  if  suffi¬ 
cient  care  is  taken  in  preparing  the  charges  and  in  arranging  the  ex¬ 
periment.  A  description  of  smear  camera  techniques  is  given  in  Ref.  11 
and  the  use  of  a  70mn  smear  camera  with  a  writing  speed  up  to  4n?n/psec 
Is  described  in  Ref.  12.  Reference  13  discusses  a  number  of  other  opti¬ 
cal  methods  used  in  shock  measurements. 

7.3  Fragment  Velocity. 

In  addition  to  the  cylinder  expansion  test,  described  separately, 
an  NOL  cylinder  fragmentation  test  is  described  in  Ref.  14  and  15,  and 
shown  below. 
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7.3.1  Cylinder  Fragmentation  Test. 


7. 3. 1.1  The  comparative  ability  of  explosives  to  fragment  metal  can  be 
determined  from  the  cylinder  fragmentation  test.  The  test  arrangement 
Is  shown  in  Fig.  1  of  Ref.  14, 

7. 3. 1.2  The  cylinders,  9.00  Inches  long,  are  made  of  A1SI  10451  seamless 
steel  tubing,  cold  rolled,  stress  relief  annealed.  The  hardness  is 
Rockwell  B-100.  The  cylinders  are  2.000  inches  in  inside  diameter  with 
a  wall  thickness  of  0.25  inch,  The  wall  thickness  variation  should  be 
no  more  than  ±  2%. 

7. 3.1. 3  For  cast  explosives,  the  casting  is  done  directly  into  the 
cylinders;  for  pressed  explosives,  the  explosives  are  pelleted  at  16,000 
psi,  Into  1-inch-long  pellets  from  5  to  10  mils  less  in  diameter  than 
the  inside  diameter  of  the  tubing.  The  pellets  are  then  slipped  into 
the  cylinder  making  good  contact  with  each  other,  but  are  not  reconsoli¬ 
dated.  The  explosive  should  completely  fill  the  test  cylinder. 

7. 3. 1.4  The  mean  density  of  the  explosive  must  be  determined.  For  cast 
explosives,  this  is  determined  from  the  mass  of  the  explosive  and  the 
volume  of  the  cylinder;  for  the  pressed  explosive,  from  the  mass  and 
volume  of  the  individual  pellets. 

7. 3. 1.5  The  cylinder  containing  the  test  explosive  is  initiated  by  a 
pressed  tetryl  pellet  2  inches  in  diameter  and  1  inch  long.  The  pellet 
is  pressed  at  10,000  psi.  The  pellet  is  initiated  by  an  Engineer's 
Special  Blasting  cap  centered  by  a  wooden  disc  with  an  axial  hole.  The 
tetryl,  wood  disc,  and  blasting  cap  are  held  in  position  by  masking  tape. 

7. 3. 1.6  The  cylinders  are  positioned  on  end  in  the  center  of  a  cardboard 
box  12  by  12  by  12  inches.  They  must  be  in  this  position  when  fired. 

The  cylinders  are  then  lowered  into  a  sawdust  pit  roughly  6  feet  in  dia¬ 
meter  and  6  feet  deep,  which  contains  3  feet  of  sawdust.  When  the  box 

is  positioned  as  desired,  the  remainder  of  the  pit  is  filled  with  sawdust 
and  the  charge  fired.  The  sawdust  containing  the  fragments  is  then  sent 
to  a  magnetic  separator  and  the  metal  particles  collected  for  weighing 
and  counting. 
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7. 3. 1.7  The  fragments  collected  from  the  sawdust  {^98%  of  the  original 
cylinder  weight)  are  classified  Into  0.5  gram  groupings  starting  at  the 
0.5  to  1.0  gram  class.  .The  number  of  fragments  in  each  group  is  counted. 

7. 3. 1.8  To  analyze  the  data,  a  Mott  Distribution  is  assumed  and,  thus,  • 

the  logari thm  of  the  number  of  fragments  of  mass  (m)  or  greater  is  plot¬ 
ted  against  The  Mott  distribution  is: 


N(m)  *  NQ  exp  -{jj)1/2 

Where  N(m)  is  the  number  of  fragments  whose  mass  is  equal  tn  or  greater 
than  m.  NQ  and  p  are  constants  dependent  upon  the  cylinder  and  the  ex¬ 
plosive.  N  is  the  total  number  of  fragments  from  the  cylinder  and  2N 

0  1/2 
is  the  mean  fragment  mass.  Large  values  of  NQ  and  small  values  of  u 

are  obtained  from  the  best  straight  lines  fitted  to  the  graph  described 

above. 

7.3.2  Cylinder  Expansion.  The  cylinder  expansion  evaluation  method  is 
included  as  Appendix  C.  The  method  correlates  well  with  the  AEC  methods 
from  which  it  originates. 

7.4  Fuel  Air  Explosives  Performance. 

The  procedure  for  evaluation  of  the  pressure  and  impulse  from  a 
fuel-air  detonation  is  included  as  Appendix  D. 

7.5  Gurney  Constant  (See  Also  Cylinder  Expansion). 


The  Gurney  constant  a  or  *^E~"  is  obtained  from  the  cylinder  expan¬ 
sion  evaluation  of  explosives.  For  more  detailed  procedure,  Appendix  C 
covers  an  acceptable  method  for  Gurney  constant. 

It  can  also  be  obtained  by  solving  from  known  values  of  fragment 
velocities  using  various  warheads  or  models  from  the  equation 


v  «  m 
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where  V  is  the  highest  velocity  to  which  the  particular  explosive  charge 
accelerates  metal,  C/M  is  the  explosive  charge  weight  to  total  case  + 
explosive  weight  and  /"2F  ,  related  to  explosive  energy,  has  dimensions 
of  velocity. 

7 . 6  Detonation  Pressure  (Chapman- Jouqet  Pressure). 

Detonation  pressure  data  are  derived  from  measurements  of  shock 
waves  transmitted  into  water  by  the  detonation  of  cylindrical  explosive 
charges  2  inches  in  diameter  and  6  inches  long  initiated  by  Pentolite- 
Baratol  plane  wave  boosters  (Ref.  16  through  22).  (Also  see  Cylinder 
Expansion. ) 

7.7  Shaped  Charge  Penetration. 

Shaped  charge  penetration  depends  on  a  large  number  of  factors; 
therefore,  it  is  imperative  that  any  comparison  be  made  using  identical 
procedures.  Although  it  is  not  the  intent  of  this  document  to  be  re¬ 
strictive  to  only  one  procedure,  a  procedure  that  is  documented  is  given 
in  Ref.  23. 

7.8  Pressure  Versus  Scaled  Distance. 

Free  Air  Peak  Overpressure  Versus  Scaled  Distance  at  Various 
Altitudes  is  covered  by  nomograph  in  Ref.  24. 

The  overpressure  scaling  information  was  predicted  previously  by 
Sachs'  scaling  laws  in  NAVORD  Report  2482  (Ref.  25).  S.  Brinkley  in 
OSRD-5481  (Ref.  26)  has  derived  the  theory  coverinq  the  sea-level 
pressure-distance  curve.  E.  Fisher  (Ref.  27)  and  Weibull  (Ref.  28) 
(BRl-X-127)  substantiated  the  curve  by  experimental  work. 

7.9  Impulse  Versus  Scaled  Distance. 

The  inpulse,  or  the  area  under  the  pressure-time  curve  is  an  impor¬ 
tant  performance  parameter  for  certain  applications.  Reference  24 
tabulates  positive  impulse  of  shock  wave  versus  distance  and  weight  of 
explosive  for  bare  spherical  charges  of  TNT  in  air.  Positive  impulse 
for  explosives  other  than  TNT  are  found  by  determining  the  TNT  equivalent 
and  then  using  the  nomograph  of  Ref.  24.  (Other  references  are  29  and  30.) 
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7.10  Underwater  Evaluation  of  Explosive  Compositions. 

In  the  Initial  evaluation  of  a  new  explosive,  small  ( —  1-lb)  charges 
are  fired  and  values  of  shock  wave  and  bubble  energies  determined  rela¬ 
tive  to  a  standard,  usually  Pentolite  or  HBX-1.  Shock  wave  energies  are. 
measured  by  use  of  diaphragm  gages,  which  have  deflections  directly  re¬ 
lated  to  this  parameter.  The  equivalent  weight,  or  WDc(,  is  determined 
by  comparison  of  the  deflection  caused  by  the  experimental  charge  with 
those  produced  by  several  weights  of  the  standard  explosive.  Aporopriate 
booster  corrections  are  made  for  all  charges.  Details  of  the  gage  and 
its  use  are  given  in  Ref.  31,  32,  and  33. 

Relative  bubble  energy,  or  RBE,  is  defined  as 


where 

K  »  bubble  period  coefficient  for  the  experimental  (x)  or  standard 
(s)  charge. 

The  period  coefficient,  K,  is  defined  in  Ref.  34.  Corrections  for 
the  booster  charge  and  for  the  proximity  of  the  surface  and  bottom  are 
given  in  Ref.  33  for  small  charges. 

For  those  compositions  showing  promise,  larger  charges  ( ~ 10  to 
100  lb)  are  fired  and  oie.oelectrlc  gages  used  to  measure  the  various 
shock  wave  parameters  (peak  pressure,  time  constant,  impulse,  and  energy). 
Various  methods  of  expressing  these  parameters  relative  to  a  standard 
are  employed,  depending  or.  the  desired  use.  These  Include  equal  weight 
and  equal  volume  ratios  as  well  as  equivalent  weights.  These  methods 
are  described  in  detail  in  Ref.  35.  The  data  are  also  used  to  develop 
similitude  equations  for  use  in  predicting  values  of  these  parameters  as 
functions  of  composition,  charge  weight,  and  range  (Ref.  36). 
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The  free  water  parameters  by  themselves  are  not  sufficient  to 
establish  the  underwater  damaging  capability  of  an  explosive.  Shock 
wave  energy  is  often  used  for  this  purpose;  however,  in  actuality  this 
damaging  capability  depends  on  the  particular  damage  mechanism  employed. 
Reference  37  contains  an  excellent  discussion  of  this.  This  aspect  ’ 
should  be  investigated  before  an  explosive  is  finally  designated  for 
use  in  an  underwater  weapon. 
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1.  QUALIFICATION  TESTS 

Main  charcie  explosives  are  qiven  final  qualification  tests  and  final 
qualification  only  as  used  in  their  applications.  The  tests  to  be  used 
for  warhead  explosives  are  those  outlined  in  WR-50^.  Tests  to  be  per¬ 
formed  on  non-warhead  explosives,  such  as  sheet  explosives,  will  be 
worked  out  in  conjunction  with  the  appropriate  Command  on  a  per  case 
basis.  For  the  warhead  explosives,  the  latest  official  revision  of  WR-50 
will  be  used.  It  will  be  necessary  for  personnel  responsible  for  explo¬ 
sives  development  to  monitor  the  WR-50  tests  to  the  extent  that  the  explo¬ 
sives  are  examined  after  the  tests  to  insure  that  they  are  still  safe. 

2.  OTHER  PROCEDURES 

It  is  necessarv  that  an  explosive,  to  qualify  under  these  procedures, 
contain  in  its  procurement  specifications  sufficient  of  the  tests  de¬ 
scribed  in  Chapter  V  to  assure  continued  control  of  all  parameters  for 
which  mandatory  tests  and  sunoested  pass-fail  criteria  have  been  estab¬ 
lished.  In  addition,  the  followino  are  tests  which,  dependinn  on  the 
weapon  confiquration  or  service  application  of  the  explosive,  may  be 
required  by  the  Naval  Ordnance  Systems  Command. 

2 .  1  Syj i ip athetic  Detonation . 

For  final  qualification  of  an  exDlosive  In  a  weapon  or  other  appli¬ 
cation,  appropriate  sympathetic  detonation  tests  shall  be  run  to  Insure 
that  accidental  detonation  of  one  item  will  not  inadvertently  cause  other 
items  to  detonate  or  explode  violently.  A  test  of  this  nature  will  be 
arrived  at  as  a  result  of  an  analysis  of  the  hazard  which  would  normally 
be  present  when  items  are  detonated  in  the  proximity  normal  to  the 
appl i cation. 


Naval  Ordnance  Systems  Command.  Naval  Weapons  Requirements  War¬ 
head  Safety  Tests,  Minimum  for  Air,  Surface  and  Underwater  Launched 
Weapons,  13  February  1964. 
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2.2  Aerodynamic  Heating. 

This  test  will  be  conducted  in  accordance  with  paragraph  4.3  of 
WR-50. 

2 . 3  Safe  Jettison  (Aircraft) , 

This  test  will  be  conducted  In  accordance  with  Test  201  of  MIL-STD- 

331 2. 

2.4  Drop  on  Studs. 

This  test  will  be  conducted  In  accordance  with  paragraph  4.3  of 
WR-50. 

2 . 5  Drop  on  Angle  Iron. 

This  test  will  be  conducted  in  accordance  with  paragraph  4.3  of 
WR-50. 

2.6  Accidental  Release  (Aircraft). 

This  test  will  be  conducted  in  accordance  with  paragraph  4.3  of 
WR-50  (Separation  from  Aircraft)  and  Test  206  of  MIL-STD-331. 

2.7  Vibration  at  Low  Temperature. 

This  test  will  be  conducted  in  accordance  with  paragraph *6.3  of 
Chapter  V  except  the  explosive  will  be  loaded  In  the  weapon  configuration 
Instead  of  a  test  container. 

2 . 8  Forty  Foot  Drop  at  High  Temperature. 

This  test  will  be  conducted  in  accordance  with  paragraph  5.1.4  of 
WR-50  except  the  weapon  will  be  temperature  conditioned  to  165°F  prior 
to  test, 


4Fuze  and  Fuze  Components,  Environmental  and  Performance  Tests  for. 
10  January  1966,  Notice  3,  11  June  1969. 
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2 . 9  Aerial  Release  (Hard  Target) . 

This  test  will  be  conducted  in  accordance  with  Test  204  of  MIL-STD- 

331. 

2.10  Proof  Press jure  _Fi  rjny . 

The  explosive  shall  be  loaded  into  projectiles  by  the  same  process 
as  used  for  service  loading.  The  projectiles  will  be  fuzed  with  inert 
components  and  fired  at  the  proof  pressure  for  the  type  gun  under  con¬ 
sideration.  Proof  pressure  will  be  established  by  firing  inert  projec¬ 
tiles  and  adjusting  the  propelling  charge  until  that  pressure  is  attained; 
then  the  sample  projectiles  will  be  fired.  Chamber  pressure  will  be 
monitored  by  copper  crusher  type  gages  and  adjusted  as  necessary  to  main¬ 
tain  the  "proof"  pressure. 

The  firings  may  be  conducted  in  a  barrel  with  any  percent  wear,  but 
generally  the  desired  pressure  cannot  be  attained  in  a  barrel  worn 
beyond  50  percent. 

At  least  100  rounds  of  the  sample  shall  be  fired  for  guns  larger 
than  5  inches.  For  projectiles  of  5  inches  or  less,  100  rounds  will  be 
the  minimum  requirement;  however,  consideration  should  be  given  to  firing 
larger  quantities  because  such  ammunition  is  used  in  much  larger  quan¬ 
tities. 

None  of  the  test  projectiles  shall  undergo  reaction  in-bore  or  during 
flight.  It  is  recognized  that  some  of  these  projectiles  may  react  at 
impact  upon  termination  of  the  flight. 

2 . 1 1  Plate  Penetration. 

This  test  will  be  conducted  in  accordance  with  Section  III  of  the 

3 

JMEM  on  high  explosive  bombs  and  bomblets. 


Joint  Munitions  Effectiveness  Manual.  Air-to-Surface  Joint  Service 
Test  Procedures  for  High  Explosive  Bombs  and  Bomblets,  4  December  1968. 
(NAVAIR  00-130-ASR-2-1 .) 
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2.12  Booster  Performance. 

This  test  will  be  conducted  In  accordance  with  Section  III  of  the 
JMEM  on  high  explosive  bombs  and  bomblets. 

2.13  Cratering. 

This  test  will  be  conducted  in  accordance  with  Section  V  of  the 
JMEM  on  high  explosive  bombs  and  bomblets. 

2.14  Arena . 

This  test  will  be  conducted  In  accordnace  with  Section  II  of  the 
JMEM  on  high  explosive  bombs  and  bomblets. 

2.15  Sled  Track  Impact. 

This  test  will  be  conducted  in  accordance  with  Section  III  of  the 
JMEM  on  high  explosive  bombs  and  bomblets. 

2.16  Fragmentation. 

.This  test  will  be  conducted  In  accordance  with  Section  II  of  the 
JMEM  on  high  explosive  bombs  and  bomblets. 

2.17  Qualification  of  Explosives  for  Projectiles  3  Inches  and  Over. 

Additional  qualification  tests  for  explosives  used  In  projectiles 
of  3-1 nch  diameter  and  over  will  be  required.  Figure  6-1  shows  a  typical 
test  sequence  for  projectile  fill  certification  tests.  Test  plans  and 
procedures  will  be  developed  for  Individual  requirements  and  approved 
by  the  Naval  Ordnance  Systems  Command. 

3.  PROCESSABILITY  CERTIFICATION  ' 

Prior  to  service  acceptance  of  any  new  explosive  compounds  or  compo¬ 
sitions,  processability  studies  shall  be  conducted  and  a  certification 
made  to  the  effect  that  the  compound  can  be  processed  In  a  safe  manner 
and  with  a  high  assurance  that  the  quality  levels  required  for  the 
Intended  weapon  design  can  be  rret  with  reasonable  economical  consider¬ 
ations. 


Full  scale  candidate  explosive  compound  preparation  and  loadina  of 
weapons  shall  be  used  for  justification  of  the  certification.  Sufficient 
different  batches  of  the  raw  ingredients  shall  be  processed  to  insure 
the  compound's  producibllity  from  mass  produced  raw  materials. 

Safety  and  environmental  tests  shall  be  conducted  on  full  scale 
weapons  loaded  with  the  candidate  explosive  and  processed  In  the  same 
manner  and  to  the  same  specification  as  that  proposed  for  production. 

The  explosive  batch  size,  number  of  batches,  and  number  of  weapons 
required  to  be  loaded  for  certification  will  be  determined  for  each 
weapon  based  upon  the  complexity  of  compoundinn,  weapon  desian  factors, 
and  proposed  production  notes. 

4.  SPECIFICATION  REVIEW 

The  quality  control  provisions  of  the  procurement  specification  must 
also  be  reviewed  to  determine  whether  they  adequately  define  the  material 
evaluated  for  qualification  and  will  assure  that  the  sensitivity  charac¬ 
teristics  of  the  explosive  will  continue  to  meet  the  criteria  of  this 
document. 

The  final  qualification  document  should  be  submitted  to  the  appro¬ 
priate  Command  with  a  request  for  release  for  service  use.  It  should 
also  contain  a  compilation  of  the  interim  qualification  data  or  sufficient 
comparable  test  data  on  production  material  so  that  the  Command  can  take 
positive  action. 
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1 .  EQUIPMENT 

1.1  ABL-Modified  Bureau  of  Mines  electrostatic  discharge  machine. 

1.2  5  KV  power  source. 

1.3  Test  plates. 

1.4  Acetone  or  other  solvent. 

1.5  Non-sparking  conductive  spoon. 

2.  EXPLOSIVE  LIMITS 

2.1  The  explosive  limits  will  be  as  follows:  Propellant  and/or  propel¬ 
lant  ingredient  (Class  A  or  Class  B)  .  1  pound. 

2.2  For  extremely  sensitive  materials,  such  as  raw  nitroglycerin,  a 
tote  barricade  must  be  used  to  store  the  material  while  It  is  in  the 
laboratory.  If  materials  are  to  be  kept  in  a  desiccator,  a  desiguard 
(metal  cage)  must  be  around  the  desiccator. 

2.3  All  propellants  and  propellant  ingredients  which  have  been  tested 
must  be  removed  from  the  laboratory  at  the  end  of  the  day  and  stored  in 

a  magazine.  If  a  sample  has  not  been  tested  or  the  test  Is  not  complete, 
the  sample  can  remain  In  the  laboratory  overnight  but  must  be  kept  In  a 
tote  barricade  or  in  a  desiccator  with  the  desiquard  around  the  desic¬ 
cator.  There  will  be  no  more  than  one  sample  In  each  tote  barricade  or 
desiccator  and  the  quantity  of  sample  will  not  exceed  20  grams.  The 
laboratory  door  must  be  locked  and  a  sign  posted  on  the  outside  of  the 
door  stating  whom  to  contact  in  case  of  an  emergency.  A  placard  will  be 
placed  on  the  outside  of  tht  door  stating. 

EXPLOSIVES 
LABORATORY  SAMPLES 

2.4  The  maximum  amount  of  explosives  per  shot  will  be  as  follows: 

Solid  Propellants  .  50  mg. 

Powders  or  Granules  ....  50  mg. 

Casting  Powders  .  150  mg. 

Liquids  .  25  mg. 


.f 
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3.  PERSONNEL  LIMITS 

3.1  A  maximum  of  five  people  can  be  in  the  laboratory  when  tests  are 
conducted.  For  example  one  operator  on  impact  test,  one  on  ESD  test  and 
one  on  friction  test  plus  two  transients.  A  laboratory  test  can  be  per¬ 
formed  by  one  man  only  if  another  man  is  on  the  same  floor  level  in  the 
immediate  area. 

4.  PREPARATION  BEFORE  TESTING  IN  LABORATORY 

4.1  Clean  the  ten  metal  plates  with  acetone  and  allow  to  dry. 

4.2  If  a  solid  material  is  tested,  the  operator  must  wear  asbestos  gloves 
and  a  face  shield  to  cut  the  sample.  The  operator  will  use  a  scalpel  and 
cut  a  sample  about  0.03  inches  thick  and  3/16  inch  square.  The  sample 
weight  will  not  exceed  50  mo. 

4.3  If  powders  are  tested,  the  operator  will  spread  the  powder  in  a 
monolayer  on  the  metal  plates.  The  sample  weight  will  not  exceed  50  mg. 

For  casting  powders,  the  sample  weiqht  will  not  exceed  150  mq. 

4.4  If  liquids  are  tested,  the  operator  will  use  a  medicine  dropper  and 
place  a  couple  of  drops  in  the  cup  on  the  metal  plate.  The  sample  weight 
will  not  exceed  25  mg. 

4.5  If  solid  flakes  or  powders  are  accidentally  spilled,  the  operator 
will  immediately  clean  up  the  material  with  a  brush  and  dust  pan  and 
place  the  scrap  in  a  conductive  polyethylene  baq.  If  liquids  are  acci¬ 
dentally  spilled,  the  operator  will  immediately  clean  up  the  spill  with 
acetone  and  kimwipes  and  place  the  scrap  in  a  conductive  polyethylene  bag 
with  sawdust.  The  polyethylene  bag  must  contain  sufficient  sawdust  to 
absorb  the  liquid  waste.  If  nitroglycerin  solvent  is  accidentally  spilled, 
NG  killer  must  be  used  after  the  contaminated  area  has  been  cleaned  with 
acetone. 
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5.  RELIABILITY  OF  TESTS 

5.1  The  first  day  of  each  week,  a  dried  sample  of  nitrocellulose  will  be 
tested  to  establish  the  failure  and  shot  level.  The  energy  for  the  five 
consecutive  failures  will  be  performed  at  the  zero  initiation  level  and 
the  energy  for  the  five  consecutive  shots  will  be  at  the  6.25  joules 
level . 

5.2  The  capaciters  should  be  checked  on  a  monthly  basis  if  the  machine 
is  used  regularly. 

6.  TEST  PROCEDURE 

6.1  Operator  "A"  will  record  all  pertinent  Information  from  the  sample 
card  into  the  laboratory  book.  If  there  is  no  sample  card,  the  operator 
will  notify  the  engineer  in  charge  immediately  and  wait  for  instructions. 

6.2  Operator  "A"  will  open  the  door  of  the  electrostatic  machine  and 
raise  the  discharge  needle  to  its  maximum  heiqht. 

6.3  Operator  "A"  will  plug  in  the  power  source,  turn  on  the  switch,  and 
let  the  power  source  warm  up  for  2  minutes. 

6.4  Operator  "A"  will  adjust  the  voltage  control  to  5  kilovolts. 

6.5  Operator  "A"  will  place  the  metal  plate  with  the  mounted  sample  on 

\ 

the  holder  in  the  machine.  The  remaining  working  samples  will  be  stored 
in  an  approved  storage  locker  (metal  cabinet). 

6.6  Operator  "A"  will  raise  the  capacitor  switch  or  switches  to  "on" 
position  for  the  desired  energy  level.  (See  Table  A-l  for  the  standard 
test  intervals . ) 

6.7  Operator  "A"  will  close  the  door  of  the  electrostatic  machine  and 
notify  other  personnel  in  the  room  that  he  is  about  to  test.  All  other 
tests  must  stop  until  the  electrostatic  shot  is  complete. 

6.8  Operator  "A"  will  charge  the  capacitors  by  closing  charge  switch  on 
the  power  source  and  hold  in  that  position  for  5  seconds  or  until  dial 
on  pwer  source  reads  5  KV  again. 
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TABLE  A-l.  Standard  Test  Interval  for 
Electrostatic  Sensitivity. 


Joules  at 

5000  volts 

Microfarads 

6.25 

0.5 

1.25 

0.1 

0.625 

0.05 

0.25 

0.02 

0.012 

0.001 

0.006 

0.0005 

0.001 

0.0001 

6.9  Operator  "A"  will  release  the  charge  switch,  then  lower  discharge 
ne<  die  slowly  until  there  is  one  arc  from  the  needle  to  the  test  sample. 

6.10  Operator  "A"  will  raise  the  discharge  needle  and  open  the  door  of 
the  electrostatic  machine. 

6.11  Operator  "A"  will  record  the  results.  A  positive  shot  is  any 
evidence  of  decomposition  such  as  smoke,  flaiwc,  flash,  odor,  or  noise 
other  than  the  sound  of  the  machine. 

6.12  Operator  "A"  will  lower  capacitor  switches  to  "off"  position  and 
remove  the  test  metal  plate. 

6.13  Operator  "A"  will  raise  or  lower  the  energy  level  depending  on 
whether  the  trial  was  a  failure  or  a  positive  shot. 

6.14  Operator  "A"  will  wipe  the  needle  after  every  shot  with  a  kimwipe 
and  change  the  needle  after  every  five  trials. 

6.15  Repeat  steps  6.2  through  6.14  until  20  consecutive  failures  at  the 
highest  possible  energy  level  have  been  obtained. 
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7.  TEST  SEQUENCE  FOR  ELECTROSTATIC  DISCHARGE 

7.1  When  starting  a  determination,  begin  at  the  maximum  energy  level 
(6.25  joules)  and  lower  the  energy  level  in  the  increments  specified 
until  20  failures  are  obtained.  Discontinue  testing  at  a  particular 
level  at  any  time  a  shot  occurs.  In  those  cases  where  no  shots  are  ob¬ 
tained  at  6.25  joules  initially,  check  sample  at  0.625  and  0.012  joules 
since  the  6.25  joule  level  may  "blow"  the  sample  away,  preventing  igni¬ 
tion. 

CASE  1  UNKNOWN  SAMPLE 

7.2  Start  at  6.25  joules;  if  results  are  negative  continue  testing  at 
6.25  joules  until  20  consecutive  failures  are  recorded  20  Zil. 

7.3  If  test  sample  should  give  a  positive  result  such  as  a  flash,  sparks, 
burn  or  odor,  then  the  next  test  interval  is  1.25  joules.  See  Table  A-2 
for  test  sequence. 

NOTE.  The  procedure  to  follow  is 
to  halve  intervals  until  there  is 
still  an  untried  value  on  either 
side  of  the  proposed  test.  Oper¬ 
ator  will  perform  five  tests  per 
trial  or  until  positive  j'esults 
occur. 

TA3LE  A-2.  Test  Sequence  for  Electrostatic  Machine. 

20  Zil  1.25 - -20  Zil 

/  / 

6.25 - 0.625 - *-0.25 - -0.012 - -0.006 - -0.001 

\  \  \  \ 

20  Zil  20  Zil  20  Zil  20  Zil 
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CASE  2  KNOWN  SAMPLE 

7.4  Start  at  the  next  higher  interval  as  determined  In  CASE  1  (for 
example  If  known  result  is  0.25  joules,  start  at  0.625  joules). 

0.625  1.25  Work  up  (if  negative) 

0.25  Work  down  (if  positive) 

8.  SPECIAL  SAFETY  PRECAUTIONS 

8.1  Operators  must  wear  safety  glasses  while  in  the  laboratory. 

8.2  Operators  must  wear  asbestos  gloves  and  face  mask  when  slicing  solid 
propellants  or  explosives. 

8.3  The  test  sample  for  an  electrostatic  discharge  trial  will  not 
exceed  the  explosive  limits  of  paragraph  2.4. 

8.4  If  a  sample  is  accidentally  spilled,  the  cleanup  procedure  of 
paragraph  4.5  must  be  followed. 

8.5  The  operator  must  remove  waste  scrap  from  the  laboratory  at  the 
end  of  the  day's  testing. 

8.6  The  operator  must  notify  everyone  in  the  room  prior  to  a  shot,  and 
all  other  testing  will  stop  until  the  electrostatic  test  is  complete. 
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PREAMBLE 


This  Appendix  outlines  the  Adiabatic  Sensitivity  testing  of  explo¬ 
sive  samples.  The  test  Is  an  outgrowth  of  work  begun  at  the  R&D  Labor¬ 
atory,  NWS/Yktn  during  the  early  1950's.  Personnel  using  this  document  * 
are  Invited  to  submit  suggestions  for  Improvement  In  the  methods  docu¬ 
mented,  and  to  report  any  errors  found  to  the  Commanding  Officer,  Naval 
Weapons  Station,  Yorktown,  Va.,  23491. 

1.  ADIABATIC  SENSITIVITY  TEST 

1.1  Test  Equipment. 

Tests  are  performed  on  an  Adiabatic  Sensitivity  Testing  Machine 
described  in  Fig.  B-l.  Weights  of  2.5  and  5.0  kg  are  available  for  im¬ 
pact  on  the  air  compressing  piston.  Samples  are  press-loaded  in  sample 
holders  as  described  in  paragraph  2.1. 

1 . 2  Test  Procedure. 

A  50%  sensitivity  height  (centimeters)  Is  calculated  on  the  basis 
of  25  shots  at  0.05  log  height  Intervals.  The  sample  size  Is  approxi¬ 
mately  1  gram  and  is  press-loaded  into  the  sample  holder.  Positive  stops 
are  fixed  to  the  loading  tools  to  Insure  a  constant  explosive  height  of 
0.375  i  0.001  inches.  Explosive  weights  are  adjusted  to  give  the  re¬ 
quired  loading  density.  In  general  an  explosive  will  be  tested  at  the 
munition  loading  density.  A  detailed  operation  procedure,  drop  height 
sequence  selection  of  gap  sensitivity  test  heights,  preparation  of  samples, 
and  an  example  of  sensitivity  calculations  are  included  in  the  following 
sections. 

2.  NcDED  PROCEDURE  FOR  ADIABATIC  SENSITIVITY  TESTING 

2.1  Sample  Preparation. 

2.1.1  Press  Loaded  Compositions  (POXN-1  Through  PPXN-99). 

2. 1.1.1  Clean  sample  holder  with  trichloroethylene  followed  by  an  acetone 
rinse.  Dry  thoroughly. 
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2 .1.1.2  Weigh  the  required  sample  on  an  analytical  balance. 

2. 1.1. 3  Pour  sample  In  holder  and  compress  to  stop  on  loading  ram. 

2. 1.1. 4  Twenty-five  samples  are  required  for  test.  Extra  samples  may 
be  required  to  establish  a  starting  point. 

2.1.2  Castable  PBX  Systems  and  Other  Fluid  or  Semi-Fluid  Systems. 

2. 1.2.1  Clean  sample  holder  as  specified  in  step  2. 1.1.1. 

2. 1.2. 2  Cast,  extrude,  press,  or  otherwise  load  a  quantity  of  material 
in  the  sample  holder  to  the  required  density. 

2. 1.2. 3  Machine  excess  to  a  depth  of  1  ±  0.001  inch  using  a  reamer  by 
appropriate  explosive  machining  operation.  Explosive  sample  height 
should  be  0.375  +  0.001  inch. 

2. 1.2. 4  Twenty-five  samples  are  required  for  test.  Extra  samples  may 
be  required  to  establish  a  starting  point. 

2.2  Machine  Operation. 

2.2.1  Select  the  weight  specified  on  the  data  sheet  and  install  in  the 
machine. 

2.2.2  Ensure  safety  stops  are  operable  and  in  the  loading  position. 

(In  position  to  prevent  weight  from  impacting  on  sample  holder.) 

2.2.3  Engage  vacuum  plate  and  raise  weight  to  starting  position. 

2.2.4  Install  loaded  sample  holder  with  desired  ram/explosi ve  gap  in 
machine  -  ensure  pressure  relief  holes  are  in  alignment  and  wood  barri¬ 
cades  are  in  good  condition. 

2.2.5  By  remote  control,  withdraw  safety  stops  and  permit  weight  to  im¬ 
pact  on  pressure  ram. 

2.2.6  Clear  machine  by  raising  weight  and  reinserting  safety  stops. 
Remove  sample  holder.  Sample  may  or  may  not  have  been  completely  ex¬ 
pended.  Soak  holder  and  piston  in  acetone  to  loosen  piston  and  dissolve 
explosive  residue. 
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2.2.7  Carefully  remove  piston  from  sample  holder  and  clean. 

2.2.8  Discard  sample  holder  in  explosive  contaminated  scrap. 

2.2.9  Do  not  retest  or  reimpact  any  sample  test  holder. 

2.2.10  Record  results.  A  failure  to  fire  is  recorded  N,  a  fire  as  ‘E. 

2.2.11  Repeat  Steps  2.2.2  through  2.2.10  for  each  of  the  25  samples. 

2.2.12  Pistons  should  be  changed  when  the  surface  is  scored  from  the 
shot  and  must  be  cleaned  between  shots. 

2.3  Selection  of  Gap. 

The  initial  gap  selected  is  largely  dependent  on  the  sensitivity  of 
the  material  to  be  tested.  With  unknown  materials,  a  minimum  gap  of 
1/16  Inch  should  be  selected  on  first  trial,  up  to  the  limit  of  the 
machine.  If  within  the  limit  of  the  machine  the  samples  fail  to  detonate, 
a  larger  gap  may  be  selected.  The  gap  should  be  selected  in  increments 
of  1/16  inch.  This  process  or  selection  of  gap  should  proceed  until  a 
drop  height  is  established  with  the  smallest  gap  that  will  permit  the 
sample  to  detonate.  When  recording  data,  it  is  important  to  also  record 
the  gap  used  for  any  given  trial. 

3.  RECORDING  AND  CALCULATION  OF  RESULTS 

3. 1  Data  Sheet. 

3.1.1  Record  on  data  sheet  (Fig.  B-2  and  B-3)  information  required  at 
heading  for  each  set  of  samples  to  be  tested. 

3.1.2  Record  drop  weights  results  on  data  sheet  (E  or  N).  Record  multi¬ 
ple  detonations  or  other  abnormal  conditions  on  back  of  data  sheet  in¬ 
dicating  height  level  at  which  event  occurred. 

3 . 2  Calculation  of  Results. 

3.2.1  Calculation  of  the  50X  point  (Fig.  B-4)  Is  dor^  by  either  of  the 
following  methods: 
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Explosive 


Room  Temp_ 
_ Gap 


Sample  Temp 


Ht  E/N 


E  N 


*A  "low  order"  (LO)  expels  the  piston  back  out  of  the  sample  holder, 
a  "high  order"  (HO)  ruptures  the  sample  holder  blowout  disc  and  the  piston 
remains  in  place. 

FIG.  B-3.  1st  Revision  to  Data  Sheet,  Required  for  PBXW-106 
Type  Explosives. 
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If  EE  Is  the  smallest,  use 

50%  pt.  c  (lowest  normalized  ht)  +  (normalizing  intervals  )j^|  ~  log  interval 

If  EN  is  smallest  or  if  EE  and  EN  are  equal,  use 
50%  pt.  =  (lowest  normalized  ht)  +  (normalizing  interval )  £—jj- +  log  interval 

3.3.2  When  reporting  a  50%  pt,  the  following  information  is  also  required, 

a.  Gap  (space  between  ram  surface  and  explosive  surface) 

b.  Drop  weight  size 

c.  Loading  method 

The  above  equation  is  described  in  detail  In  Applied  Mathematics  Panel  Re¬ 
port  101 :1R,  Statistical  Analysis  for  a  New  Procedure  in  Sensitivity  Ex¬ 
periments  1945-1948  and  in  general  in  the  analytical  method  used  in  the 
BrUceton  Impact  sensitivity  test.  Normalized  log  heights  are  shown  in 
Table  B-l  for  a  common  log  Interval  of  0.05. 

4.  DEFINITION  OF  TERMS 

4.1  Schematic  of  test  -  see  Fig.  B-l. 

4.2  50%  pt.  =  Adiabatic  sensitivity  of  the  sample  lot  under  test  conditions. 

4.3  Lowest  normalized  ht.  =  log  value  of  the  lowest  height  used  in  the  run 
of  25  shots. 

4.4  Normalized  interval  =  the  difference  between  log  hts. 

4.5  A  =  level  of  the  step  height  (the  lowest  step  height  in  the  series  is 
designated  as  level  zero;  the  next  step  height  upward  is  considered  Level 
1;  the  next  Level  2,  etc.) 

4.6  E  “  number  of  explosions  at  a  given  A  level. 

4.7  N  =  number  of  non-explosions  at  a  given  A  level. 

4.8  AE  =  A  times  E. 

4.9  AN  =  A  times  N. 
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4.15  Loading  density  -  normally  the  explosive  sample  will  be  loaded  by 

the  same  method  and  to  the  same  density  as  expected  in  the  service  munition. 

4.16  Non-impact  punch  -  A  punch  so  ground  to  length  that  machine  stops 
preclude  the  punch  from  impacting  on  the  sample.  In  the  NEDFI)  machine 
and  sample  holder  design,  the  length  Is  1.000  inch  .rom  shoulder  to  face 
of  punch. 

4.17  Impacting  punch  -  A  punch  of  sufficient  length  to  impact  on  the  ex¬ 
plosive  sample.  In  the  NEDED  machine  and  sample  bo  - der  design,  the  length 
is  1.250  inches. 

5.  ADIABATIC  SENSITIVITY  MACHINE,  DROP  HEIGHT  SEQUENCE 

Use  the  starting  height  and  conditions  designated  on  the  data  sheet: 
or  select  one  in  the  range  where  the. 50%  pt  is  expected.  Go  up  the  height 
scale  sequence  until  a  detonation  occurs;  record  this  on  the  data  sheet 
as  the  first  shot.  If  a  detonation  occurs  on  the  first  shot,  go  down 
height  scale  sequence  until  a  non-explosion  occurs.  Example:  When  an 
explosion  occurs,  go  down  one  step  height,  continue  down  in  step  incre¬ 
ments  until  a  non-explosicn  occurs,  then  proceed  up  in  step  increments 
until  an  explosion  occurs.  Repeat  up  and  down  through  explosions  and 
non-explosions  until  sample  of  25  has  been  completed.  Calculate  50%  pt. 
as  specified  in  Section  3. 

6.  GENERAL  COWENTS 

The  number  of  variables  in  this  test  make  it  imperative  that  a 
standard  procedure  be  established  and  followed  for  loading  sample  holders 
and  conducting  test  runs.  The  test  is  designed  to  show  v/orst  conditions; 
a  sample  tested  in  this  machine  may  be,  in  fact,  less  sensitive  when 
tried  in  the  actual  munition  but  not  the  reverse.  Finally,  it  is  ex¬ 
pected  to  show  an  ordered* ranking  of  sensitivity  to  this  stimulus.  The 
ranking  of  explosives  by  this  test  must  also  be  judged  by  other  sensi¬ 
tivity  tests. 
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1.  INTRODUCTION 

A.i  important  problem  faced  by  the  designer  of  fragmentation  warheads, 
is  that  he  must  maximize  the  energy  which  is  transferred  from  explosive 
to  metal  during  the  detonation.  The  most  frequently  encountered  configu¬ 
ration  is  that  of  an  explosive-filled  metal  cylinder,  detonated  by  a 
wave  moving  axially.  The  best  scaling  law  that  has  been  devised  for  this 
condition  is  that  of  Gurney,  Ref.  1,  who  disregarded  detonation  conditions, 
shock  effects  in  the  metal,  and  assumed  implicitly  that  all  the  energy  of 
the  explosive  is  conserved.  His  equation  for  cylinders  is: 

where  v  Is  the  velocity  to  which  the  metal  is  accelerated  by  the  explo¬ 
sive,  E  is  unit  energy  content  of  the  explosive,  C  is  the  weight  of  the 
explosive  and  M  is  the  metal  weight.  This  expression  of  velocity  in 
terms  of  C/M  implies  that  weight-ratio  scaling  of  explosive  and  metal  is 
of  prime  importance  and  that  dimensional  scaling  need  not  be  considered 
at  all.  The  term  yTT  has  the  dimensions  of  a  velocity  as  was  pointed 
out  by  Gurney  in  his  original  report. 

Determination  of  the  Gurney  constant  of  a  warhead  explosive  is 
logically  made  in  the  cylinder  expansion  test  where  the  explosive  con¬ 
tained  in  a  metal  cylinder  is  end-detonated  and  the  maximum  lateral 
velocity  of  the  metal  Is  measured.  The  geometry  resembles  that  of  most 
fragmentation  warheads,  particularly  as  to  lateral  confinement  of  the 
explosive.  The  dimensions  of  the  cylinder  can  be  chosen  so  as  to  give 
the  full  run-up  to  detonation  velocity  before  reaching  the  location  of 
fragment  velocity  measurements,  and  the  end-release  effects  can  be  kept 
far  enough  downstream  so  as  not  to  affect  fragment  velocities.  Other 
techniques  for  evaluating  explosives,  while  of  full  value  in  their  own 
contexts,  are  all  less  applicable  to  the  prediction  of  effects  in  the 
fragmentation  warhead.  The  plate-push  test  transfers  only  about  one- 
fourth  as  much  of  the  energy  of  the  explosive  to  the  metal  as  does  the 
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cylinder  expansion;  also,  the  air-cushion  between  explosive  and  plate  is 
highly  unrepresentative  of  the  warhead  configuration.  Other  rating  tests 
such  as  the  plate-dent,  and  ballistic  mortar  and  the  Trauzl  lead  block 
are  even  more  unrepresentative.-  geometrically. 

The  cylinder  expansion  test  has  been  in  use  for  some  time.  Early 
work  at  the  Naval  Ordnance  Laboratory  (NOL),  White  Oak  successfully  used 
the  streak  camera  to  record  metal  velocities;  techniques  developed  by 
the  Lawrence  Radiation  Laboratory  (LRL)  and  the  Los  Alamos  Scientific 
Laboratory  (LASL)  in  this  country  and  the  Atomic  Weapons  Research  Estab¬ 
lishment  (AWRE)  in  Britain  have  given  results  of  good  precision  and  in 
agreement  among  the  three  organizations.  This  latter  test  geometry  was 
chosen  for  the  work  at  NWC. 

2.  BACKGROUND 

The  cylinder  excansion  test  is  any  test  performed  where  a  metal 
cylinder  (relatively  thin  walled),  is  loaded  with  an  explosive  and  this 
explosive  charge  detonated.  As  the  detonation  occurs,  the  expansion  of 
the  cylinder  wall  is  observed  and  recorded  in  such  a  way  that  the  rate 
at  which  the  wall  moves  outward  can  be  followed  up  to  the  point  where 
the  expanding  cylinder  wall  is  obscured  by  the  reaction  products  as  they 
break  through  the  wall. 

The  metnod  for  observing  the  wall's  expansion  varies.  It  has  been 
recorded  throuah  the  use  of  electronic  pin  probes  and  raster  oscillo¬ 
scope  recording  systems  as  well  as  with  flash  X-ray  techniques.  It  has 
also  been  accomplished  by  the  use  of  streak  cameras  and  framing  cameras. 
The  Lawrence  Radiation  Laboratory  (Ref.  2)  method  uses  a  streak  camera 
for  the  recording  of  the  wall  velocity  and  a  pin  probe  method  for  deter¬ 
mining  the  detonation  velocity  of  the  explosive  while  it  is  expanding 
the  walls  of  the  test  cylinder.  The  AWRE  uses  both  electronic  pin  probe 
and  streak  camera  methods  (Ref.  3)  to  record  the  wall  expansion,  and  pin 
probes  for  the  detonation  velocity.  There  is  some  reason  to  believe 
that  perhaps  in  the  early  staoes  of  the  expansion  the  pin  probe  method 


OD  44811 


may  be  more  accurate,  but  the  data  reduction  Is  also  a  bit  more  difficult 
In  some  respects  than  with  the  streak  camera  record. 

A  standard  cylinder  geometry  is  selected  and  manufactured  precisely 
from  a  standard  metal.  The  cylinder  thus  produced,  Is  loaded  with  a 
carefully  manufactured  explosive  charge  of  the  material  to  be  investi¬ 
gated. 

The  test  assembly  is  then  instrumented  in  any  of  those  methods  men¬ 
tioned  above  and  fired,  recording  the  detonation  velocity  of  the  charge, 
a^J  also  the  radial  expansion  of  the  cylindrical  case,  as  a  function  of 
time.  Reduction  of  these  data  permits  an  assessment  of  the  explosive's 
behavior  during  the  event. 

When  various  explosives  are  rated  in  the  standard  geometry,  the 
relative  performance  of  these  explosives  becomes  readily  apparent.  This 
permits  the  warhead  design  engineer  to  select  an  explosive  compound  for 
a  specific  feature  of  its  performance. 

It  has  been  demonstrated  that  cylinder  expansion  test  results  scale 
up  or  down  over  a  wide  ran;.e  of  sizes  (Ref.  2). 

3.  NWC  CYLINDER  EXPANSION  (CYLEX)  TEST 
3 . 1  Experimental  Considerations. 

The  test  device  consists  of  a  2.54-cm  ID,  precision  manufactured 
copper  cylinder,  12  diameters  long  and  with  a  wall  thickness  of  0.25  cm. 

Copper  was  chosen  because  in  cylindrical  geometry  it  is  capable  of 
nearly  twice  the  expansion  steel  demonstrates  before  the  wall  ruptures, 
thus  containing  the  explosive  gases  until  terminal  wall  velocity  is 
reached.  Figure  C-l  shows  the  Cylex  test  assembly  positioned  as  viewed 
by  the  streak  camera.  The  black  and  white  placard  behind  the  cylinder 
is  a  focusing  aid  to  determine  an  accurate  magnification  factor  for  use 
in  data  reduction.  At  present,  detonation  velocity  of  the  explosive  is 
measured  using  electronic  switches.  In  Flo.  C-2,  the  two  end  supports 
of  the  cylinder  can  be  seen  to  Incorporate  detonation  velocity  switches. 
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FIG'.  C-l.  Cylex  Test  Assembly,  Positioned  as 
Viewed  by  btreak  Camera. 


FIG.  C-2.  Cylex  Test  Assembly  Showing 
Detonation  Velocity  Switches. 
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Two  circuits  (each  using  a  nanosecond  counter)  are  employed  on  each 
experiment.  This  permits  a  more  confident  determination  of  the  detona¬ 
tion  wave's  transit  time  through  the  measured  interval— the  time  interval 
is  relatively  long  (25  p-sec)  and  the  distance  traversed  Is  about  21.5  cm. 
The  counters  record  the  signals  generated  from  printed  circuit  boards, 
which  are  placed  on  the  cylinder's  wall,  in  an  area  which  does  not  affect 
the  wall  and  its  expansion  behavior,  but  which  does  record  the  detonation 
velocity  of  the  explosive  accurately. 

The  castable  plastic  bonded  explosive  used  as  the  standard  of  com¬ 
parison  in  the  Cylex  test  is  PBXN-101  rather  than  Composition  B  because 
it  is  a  more  homogeneous  composition,  and  is  structurally  a  considerably 
better  explosive.  Further,  in  making  this  choice,  the  undesirable  vari¬ 
ability  of  the  melt-cast  TNT  explosive  systems  is  avoided. 

The  Instrumentation  for  this  test  consists  of  a  streak  camera  to 
monitor  the  expanding  cylinder  wall  and  electronic  means  to  record  the 
detonation  velocity  of  the  explosive  as  it  is  expanding  the  test  cylinder 
wall.  The  camera  is  a  Cordin  70  mm  streak  camera,  which  records  Its  image 
on  a  large  strip  of  film.  Optical  magnification  Is  selected  for  each 
explosive  in  order  to  provide  maximum  accuracy  and  precision  in  recording 
the  data  from  the  firings.  The  wrltlnn  speed  of  the  camera  (again  selected 
for  each  explosive  compound  to  maximize  the  sensitivity  of  the  data  record¬ 
ing)  is  recorded  with  a  period  lockout  count  circuit,  (Ref.  4)  so  as  to 
obtain  as  precisely  as  possible,  the  exact  writing  speed  of  the  camera 
during  the  revolution  of  the  mirror  on  which  the  experiment  was  fired. 

The  printed  circuit  board  pin  probe  arrays  are  capable  of  being 
semi-mass  produced  to  close  tolerances.  In  addition,  they  are  compatible 
with  automated- record-reading  machine  calibration  procedures. 

The  test  cvlinder  Is  placed  at  an  appropriate  distance  in  front  of 
a  tracinq  paper  screen  which  is  illuminated  by  an  argon-filled  explosive 
flash  lamp.  This  system  provides  the  proper  contrast  for  good  photo¬ 
graphic  rendition  of  the  dynamic  event  (Fig.  C-3). 
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FIG.  C-3.  Streak  Record  of  Dynamically 
Expanding  Cylinder. 

An  optical  alignment  is  accomplished  through  the  use  of  a  Laser. 

The  cylinder  assembly  is  so  positioned  that  the  projected  slit  Image 
Of  the  camera  which  records  the  radial  velocities,  one  on  the  upper  side 
of  the  picture  and  one  on  the  lower  side  of  the  picture,  will  cross  the 
cylinder  at  a  point  at  least  6  charge  diameters  from  the  initiation  end. 
It  has  been  found  (Ref.  5)  that  in  a  series  of  experiments,  where  the 
projected  camera  slit  Images  were  placed  at  different  locations  along 
the  cylinder.  It  was  not  until  6  diameters  from  the  initiated  end  of  the 
cylinder  that  the  wall  velocity  reached  a  steady  state  value.  Recorded 
wall  velocities  remained  constant  until  1.5  diameters  from  the  free  end 
of  the  cylinder.  After  this  distance,  the  wall  velocity  values  again 
varied  downward  from  the  constant,  maximum  values. 

3.2  Data  Reduction. 

Data  reduction  for  Cylex  testing  is  an  automated  procedure  (see 
Section  3.4).  It  consists  of  a  Hann  Comparator  using  IBM  card  printout 
to  actually  read  the  data  from  the  film.  A  computer  program  written  on 
the  IBM  1130  computer  smoothes  the  radius  and  time  data,  fits  the  data. 
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and  then  the  IBM  1627  Plotter  plots  it  in  various  ways.  One  of  the 
interesting  plots  is  the  smooth  radius  data  versus  time  ((R-R0)  verus  T) 

(Fig.  C-4).  Figure  C-5  displays  the  velocity  obtained  from  the  data 
plotted  in  Fig.  C-4  as  a  function  of  time  also.  These  two  plots  can  be 
handled  either  geometrically  or  analytically  to  provide  a  velocity  at  a 
radius.  This  is  the  first  bit  of  information  specifically  wanted. 

The  final  data  of  interest  from  the  Cylex  test  is  the  Alpha  or  Gurney 
constant.  This  is  a  factor  used  to  calculate  initial  fragment  velocity 
from  an  explosive  (Ref.  1).  Figure  C-6  is  a  plot  of  the  Gurney  constant 
as  a  function  of  time.  However,  this  plot  is  somewhat  fictitious  since 
there  is  only  one  Gurney  constant  for  any  given  geometry,  and  the  constant 
does  not  evolve.  Howeveri  it  proves  to  be  easier  to  allow  the  computer 
to  calculate  something  that  is  called  Alpha  and  disregard  the  data  until 
the  19-millimeter  expansion  point  is  reached.  Therefore,  the  Gurney 
values  that  are  given  relate  to  information  obtained  from  Fiq.  C-4,  t-5, 
and  C-6. 

Figure  C-7  shows  a  typical  streak  camera  Cylex  record  for  PBXN-5 
explosive.  There  are  several  items  in  the  record  that  are  worth  noting. 

The  initial  phase  o^  wall  motion  shows  an  irregularity  thought  to  be  an 
initial  jump-off  of  cylinder  surface.  This  behavior  was  recorded  by  AWRE 
(Ref.  3),  and  by  H.  Dean  Mallory  (Ref.  6).  It  occurs  early  enough  in  the 
record  and  disappears  soon  enouoh  so  that  it  is  not  detrimental.  It  is 
interesting  to  note  that  while  there  is  a  clearly  visible  air  shock  moving 
ahead  of  the  cylinder  wall  in  the  later  stages  of  expansion.  It  does  not 
affect  the  recording  of  cylinder  wall  behavior. 

Velocity  of  the  cylinder  wall  measured  at  two  radii  of  expansion  are 
of  interest.  These  are  5  mm  (wall  expanded  to  5  mm  beyond  original  radius), 
and  19  mm  of  expansion.  The  velocity  at  5  urn  is  said  to  be  comparable  to 
the  Naval  Ordnance  Laboratory  (NOL),  White  Oak,  plate  push  velocity.  This 
is  defined  as  equivalent  to  the  velocity  of  the  cylinder  wall  after  a  two¬ 
fold  volume  expansion  of  the  detonation  products  has  occurred.  The  19  mm 
point  equates  to  a  sevenfold  volume  Increase  of  detonation  products,  and 
Is  quoted  as  the  terminal  velocity,  or  maximum  velocity,  that  the  subject 
explosive  will  contribute  to  the  cylinder  wall. 
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FIG.  C-7.  Streak  Camera  Record  of  PBXN-5  Explosive  in  the  Cylex  Test. 
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3.3  Sources  of  Error  In  the  Cvlcx  Test. 

3.3.1  Error  in  Recorded  Radial  Wall  Velocity  Due  to  Camera  Slit  Tilt. 

If  the  camera's  slit  should  be  tilted  away  from  normal  or  If  the  charge 
should  be  placed  In  an  orientation  other  than  parallel  to  the  camera's 
time  axis,  erroneous  velocities  will  be  recorded.  However*  In  monitoring* 
the  wall  !s  expansion  from  both  dides  of  the  cylinder,  a  simple  averaging 
procedure  will  remove  all  errors  introduced  in  this  manner. 

3.3.2  Error  in  Wall  Velocities  Introduced  by  Faulty  Determination  of 
Optical  Magnification  Factor.  By  using  a  Laser  to  align  the  elements  of 
the  experiment  before  the  camera,  nearly  optimum  photographic  conditions 
are  obtained.  Ttils  factor  plus  two  others,  (1)  the  standardization  on 
one  test  geometry,  and  (2)  working  at  an  optical  magnification  of  or 
near  unity,  results  In  high  quality  photographic  records  which  make  pre¬ 
cision  record  reading  possible. 

3.3.3  Error  in  Measuring  Detonation  Velocity  of  the  Explosive.  The 
velocity  of  the  detonation  which  is  responsible  for  expanding  the  cylin¬ 
der  wall  is  on  the  order  of  four  to  five  times  higher  than  the  velocity 
with  which  the  expanding  wall  is  moving.  Because  of  this  fact,  then, 

in  the  time  it  takes  for  a  point  on  the  wall  to  move  outward  1  milli¬ 
meter  after  the  detonation  front  has  passed,  the  detonation  wave  will 
have  run  down  the  cylinder,  4  mi  Hi  meters  or  more.  For  this  reason, 
great  care  must  be  taken  to  insure  that  the  pin  contacts  are  all  placed 
at  both  the  exact  same  distance  from  the  cylinder  wall  and  as  close  as 
possible  to  the  wall. 

In  the  work  at  NWC,  two  factors  have  combined  to  prdouce  precision 
results  in  datonation  velocity  measurement.  The  first  of  these  ,1s  the 
production  of  flat  calibrated  pin  probe  arrays  through  the  use  of  sub¬ 
stantial,  dimensionally  stable  printed  circuit  board  materials.  Second 
Is  the  assurance  that  the  plane  of  the  contacts  on  this  board  Is  perpen¬ 
dicular  to  the  cylinder  axis. 
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3.3.4  Record  Reading  Errors.  While  a  detailed  assessment  of  the  errors 
accompanying  the  record  reading  Itself  has  not  been  made,  during  the 
course  of  the  analysis  for  the  first  series  of  experiments  described  in 
Section  V  of  this  paper,  it  became  possible  to  reread  and  recompute  wall 
velocities  for  one  record  three  times.  These  times  were  spread  over  a 

6  months  period,  and  involved  two  record  reader  operators  (neither  of 
whom  knew  which  record  they  were  reading).  All  three  analyses  yielded 
the  same  value  with  a  total  spread  of  0.08%. 

The  data  for  the  explosives  studied  using  the  Cylex  procedure  are 
omitted  from  tnis  unclassified  document.  As  additional  data  are  obtained, 
a  classified  table  will  be  updated  and  be  available  upon  request. 

Future  plans  call  for  the  inclusion  of  C-J  pressure  'or  these  mate¬ 
rials  as  well  as  the  data  already  provided. 

3.4  Cylex  Data  Reduction  Procedure. 

The  following  procedure  is  used  for  reduction  of  data  from  film 
strip  records: 

3.4.1  The  film  strip  is  read  on  the  Mann  Comparator  in  conjunction  with 
a  Telecordex  unit  and  an  IBM  Summary  Card  Punch. 

3.4.2  When  the  film  has  been  placed  on  the  Mann  Comparator  the  follow¬ 
ing  steps  are  followed: 

Cd 
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I. *.2.1  The  film  is  first  t'.  rr.ed  in  the  comparator  such  that  moving 
line  A  from  one  end  c*  rr.e  Mne  to  the  other  will  predict  a  devi- 
>ryi  in  Y  counts  (vertical  msesurenent)  of  no  more  than  ±5  marine 
runts. 


I  t.2.2  When  film  has  beer  price-lv  aliqned,  an  origin  poiot  ~s  then 
o»r_e  mined.  This  origin  pc->-.t  -'s  normally  a  point  at  the  e.rtrsne  left 
r'  line  B.  When  the  orirt  point  has  been  determined*  the  i  and  Y 
r'rtizers  are  set  to  0. 


3. *.2.3  The  next  step  is  to  f -d  the  diameter  of  the  Cylex  tuna  in 
mari-e  counts.  In  order  to  nzrain  this  distance,  six  readings  are  made 
of-?  vertical  distance  between  lines  A  and  B.  The  measuremeros  would 
be  ranched  on  cards  in  the  ^oVnwing  manner: 


Reading  I  X*0  ctunrs 

Reading  2  Xa:031  counts 

Reading  3  Xs  counts 

Reading  4  X=1f0.’O  counts 

Reading  5  XO33T0  counts 

Reading  6  X-ISXZ  counts 


Y-30000  counts 
Y-30005  counts 
Y»30000  counts 
Y*30001  counts 
Y-29998  counts 
Y=*30003  counts 


rest  exoerience  has  shown  ti'i»t  tsicinq  these  measurements  at  increments 
of  5  cn  in  the  X  (horizontal)  rrection  of  movement  produce:;  a  tetter 
avi'ape  of  the  vertical  distance  between  lines  A  and  B  than  tarng  the 
rfci:;ur=rnents  at  shorter  or  Tomer  intervals  of  X. 


The  next  step  is  to  ojoain  readings  for  trace  line  C.  A  nini- 
mun  of  100  readings  are  needed  -or  this  line.  In  order  to  dettr-mine  how 
often  this  line  should  be  re  a  c  t^e  following  procedure  Is  user: 

3 . ^ . 2 . - .  1  The  film  Is  advarret  to  point  ' T*  on  the  film  and  i:  then 
-i  vertically  to  the  tcc  r-  t*e  trace  pattern  and  the  disemee  in  X 

oturts  is  recorded.  The  fi'ir  -s  then  advanced  to  the  end  cf  tie  trace 
Mttem  and  that  distance  i  *■  X  oo-.nts  is  recorded.  The  first  r.stanct 
rti-oieg  is  then  subtracted  --on  the  second  distance  reading-  ant  this 
is  distance  Cd.  Distz-c*  C i  is  then  divided  by  100  to  atain  the 
'urre-  of  machine  counts  nen  oer  in  order  to  obtain  100  reading:  of 
5-io?  lines  C  and  D. 
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3. 4. 2. 4. 2  To  begin  reading  trace  line  C  the  film  Is  advanced  to  point 
'T*  and  the  following  procedure  Is  used: 

Assume  that  the  X  counts  at  point  *T*  equal  27000  machine  counts. 

It  Is  desired  to  make  one  reading  on  line  A  before  the  trace  line  C  is 
read.  Assume  also  that  it  has  been  determined  that  trace  line  C  is  'to 
be  read  every  300  machine  counts  in  the  X  direction  of  movement.  From 
point  ‘T‘  the  film  is  advanced  300  counts  in  X  to  the  left  of  point  *T* 
on  line  A.  When  this  point  has  been  reached  the  Y  digitizer  is  set  to 
0  machine  counts.  Therefore  the  first  reading  for  trace  line  C  is  equal 
to  26700  counts  in  X,  and  0  counts  in  Y.  From  this  point  a  reading  is 
made  adding  300  machine  counts  in  X  for  each  reading  on  trace  line  C. 

As  each  reading  is  made  on  trace  line  C  the  Y  value  will  increase 
positively  in  machine  counts  as  it  follows  the  trace  line. 

Example:  Trace  line  C  readings 

Reading  1  X=26700  counts  Y=00000  counts 

Reading  2  X=27000  counts  Y=00001  counts 

Reading  3  X=27300  counts  Y=Q0285  counts 

Reading  4  X=27600  counts  Y=00570  counts 

Notice  that  on  trace  line  C  both  the  X  and  Y  counts  increase  posi¬ 
tively. 

3. 4. 2. 5  When  trace  line  C  has  been  completely  read  the  film  is  returned 
to  point  * T '  and  then  lowered  vertically  until  line  B  is  reached.  For 
comparison  purposes,  the  readings  of  the  top  and  bottom  trace  should 
begin  at  the  same  point  in  the  X  direction  of  i.ovement  and  readings  of 
trace  line  0  should  be  made  at  the  same  interval  of  X  as  was  used  for  ' 
trace  line  C. 

Example.  Trace  line  D  readings 

Reading  1  X=26700  counts  YOOOOO  counts 

Reading  2  X=27000  counts  Y=-00001  counts 

Reading  3  X=27300  counts  Ye-00286  counts 

Reading  4  X=27600  counts  Y3-00573  counts 

Notice  that  on  trace  line  D  the  X  counts  Increase  positively  in 
value  while  the  Y  counts  decrease  in  value  as  it  follows  the  trace  line. 
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3. 4. 2. 6  When  trace  line  0  has  been  completely  read,  the  reading  portion 
of  the  job  is  completed. 

3.4.3*  The  next  step  in  the  reduction  of  the  test  data  is  to  80  x  80  list 
the  deck  of  cards  obtained  from  the  film  readings.  The  listing  is  then 
checked  to  verify  that  all  appropriate  readings  have  been  made  and  that 
all  cards  are  in  their  proper  order. 

3.4.4  The  next  step  is  lo  keypunch  control  cards  containing  the  Infor¬ 
mation  given  on  the  Cylex  Calculation  Input  Sheet.  A  list  of  control 
cards  is  shown  in  Table  C-l. 

3.4.5  When  the  control  cards  have  been  punched  and  inserted  at  the 
beginning  of  the  data  deck,  the  deck  is  submitted  to  the  IBM  1130  Cylex 
computer  program.  Data  are  output  in  the  form  of  a  data  listing  and  10 
plots  for  each  Cylex  record,  5  plots  for  the  upper  trace  readings  and  5 
plots  for  the  lower  trace  readings. 

3.4.6  The  next  step  is  to  check  the  listing  and  each  of  the  plots  to 
determine  if  all  the  information  required  has  been  obtained. 

3.4.7  When  the  Cylex  data  computer  printout  and  plotout  forms  are 
received,  make  a  work  sheet  as  follows: 

The  work  sheet  will  be  made  from  a  large  piece  of  data  paper.  This 
has  22  columns  from  left  to  right,  laid  off  by  pink  lines  and  38  lines 
from  top  to  bottom,  laid  off  with  blue  lines.  The  work  sheet  is  divided 
so  that  the  first  column  is  for  experiment;  second,  half;  third,  leave 
blank;  fourth,  time  at  5  millimeters;  fifth,  average;  sixth,  velocity  at 
5  millimeters;  seventh,  average;  eighth,  leave  blank;  ninth,  time  at 
19  millimeters;  tenth,  average;  eleventh,  velocity  at  19  millimeters; 
twelfth,  average.  The  last  columns  are  empty,  however;  they  are  useful 
for  additional  notes  and  corrections,  etc.  At  the  top  of  the  page,  desig¬ 
nate  the  explosive  being  tested. 
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TABLE  C-l.  NWC  Code  4541  Cylex  -  Control 
Cards  for  Program  MAT  1 . 


Card  #1 

Shot  #:  Columns  1-5  * 

Date  Fired:  Columns  11-26 

Operator:  Columns  31-51 

Card  §2 

80  Column  ID  Card. 

Card  #3 

80  Column  Comment  Card. 

Card  #4 

80  Column  Comment  Card. 

Card  #5 


Type  of  Metal : 

Columns  1-12 

sm: 

Columns  16-25 

Type  of  Explosive: 

Columns  31-42 

sc: 

Columns  46-55 

Writing  Rate: 

Columns  1-10 

Inside  Radius: 

Columns  11-20 

Outside  Radius: 

Columns  21-30 

Detonation  Velocity: 

Columns  31-40 

Oata  Card 

A1  Punch  (constant): 
Reading  #: 

Machine  #: 

Shot  I: 

Readout  I: 

X  counts: 

Y  counts: 


Column  7 
Columns  25-27 
Column  37 
Columns  47  A  48 
Column  50 
Columns  62-66 
Columns  67-72 
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3.4.8  Data  Reduction. 

3. 4.8.1  (R.i  -  Rn)  Versus  T.i  Plot. 

3. 4. 8. 1.1  Take  the  (Rj  -  Rq)  versus  Tj  plot  and  lay  It  out  on  the  table 
or  a  light  box. 

3. 4. 8. 1.2  On  the  ordinate,  mark  off  the  5  millimeter  and  19  millimeter 
points. 

3. 4. 8. 1.3  Using  the  triangle,  draw  lines  over  to  the  plotted  curve. 
These  lines  will  be  parallel  to  the  abscissa. 

3.4.8. 1  4  At  the  point  where  they  Intersect  the  curve,  draw  a  line 
perpencicu.ar  to  the  abscissa,  thus  marking  the  time  at  which  the  wall 
reached  the  radii  of  5  millimeters  and  19  millimeters  respectively. 

3. 4. 8. 1.5  Record  these  values  in  the  appropriate  columns  on  the  work 
sheet. 

3. 4. 8. 2  Vt i  Versus  Tj  Plot. 

3. 4. 8. 2.1  Take  the  Vj  prime  versus  Tj  plot  and  lay  it  over  the  Rj  minus 
Rq  versus  Tj  plot,  so  that  the  time  axes  coincide,  and  fasten  in  plaice. 

3. 4. 8. 2. 2  Take  the  triangle  again  and  draw  perpendicular  lines  from  the 
time  readings  upward  until  they  intersect  the  velocity  plot  at  both 

5  millimeter  and  19  millimeter  points. 

3. 4. 8. 2. 3  At  these  two  points,  run  lines  thct  are  parallel  to  the 
abscissa  over  to  the  ordinate,  thus  givinq  the  velocity  at  these  two 
expansion  points  respectively. 

3. 4. 8. 2. 4  Record  these  values  on  the  appropriate  column  on  the  work 
sheet.  This  reduction  procedure  is  repeated  for  each  half  of  each  ex¬ 
periment  (the  corresponding  entries  being  made  on  the  line  marked  either 
21  bottom  or  21  top  for  Instance). 

3.4.8. 3  After  calculating  the  radial  wall  velocity  for  each  experiment 
at  each  point,  (the  5  millimeter  point  and  the  19  millimeter  point)  the 
Gurney  value  is  determined. 
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The  procedure  followed  Is  to  determine  what  appears  to  be  the  radial 
wall  velocity,  averaging  all  the  radial  wall  velocity  determinations  for 
a  set  of  experiments  at  19  millimeters,  then  use  this  number  to  determine 
the  Gurney  value. 

The  easiest  method  is  to  use  Information  from  the  particular  plbt 

I 

of  Alpha  J  ,  which  corresponds  to  the  averaae  velocity  or  most  nearly 
corresponds  to  the  average  wall  velocity.  At  present,  the  Alpha  J  plots 

I 

Alpha  0  against  radius,  but  It's  not  R  -  Rq. 

3.4.8. 4  Alpha  J  Versus  R  Plot. 

3. 4. 8. 4.1  Find  the  initial  outside  radius,  add  19  millimeters  to  it, 
and  go  along  the  abscissa  until  you  find  this  radius. 

3. 4. 8. 4. 2  Construct  a  perpendicular  line  from  this  point  upward  until 
it  intersects  the  curve. 

3. 4. 8. 4. 3  Finally,  construct  a  perpendicular  line  from  this  line  to 
the  ordinate  which  will  yield  Alpha.  Alpha  is  given  in  millimeters  per 
microsecond. 

3.4.9  Helpful  Hints. 

3. 4. 9.1  A  rubber  ruler  is  very  useful  in  reducinq  the  data.  Velocity, 
(Vj),  time  (Tj),  Gurney  constant  (Alpha  J  ),  and  radius  (R)  use  the 
same  graduations  requiring  one  setting  of  the  variable  scale. 

3. 4. 9. 2  The  remainder  of  the  data  Is  on  the  printout  heading  for  the 
experiment. 

3. 4. 9. 2.1  Charge/mass  ratio  (C/M)  appears  on  the  fifth  line  of  the 
heading  for  e*ch  experiment. 

3. 4. 9. 2. 2  Detonation  velocity  appears  on  the  fifth  line  also.  In  some 
cases,  the  detonation  velocity  will  be  an  estimate  or  will  be  given  from 
other  work,  (not  measured  in  the  Individual  Cylex  experiment).  If  the 
detonation  velocity  is  not  measured,  there  will  generally  be  a  flag  in 
the  title  section  of  the  computations  that  indicates  this. 
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3. 4. 9. 2. 3  The  sixth  line  carries  metal  identification  and  density. 
(Density  is  called  out  as  RHOM. ) 

3. 4. 9. 2. 4  The  explosive  designation  and  explosive  density  are  also  on 
line  6.  (Explosive  density  is  called  out  as  RHOC.) 

3. 4. 9. 2  If  you  label  the  work  sheet  with  the  types  of  explosive  being 
tested,  initial  and  date  it,  and  make  a  brief  statement  as  to  where  the 
data  are  reported;  this  makes  reduction  of  the  data  easier  the  next  time. 
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1.  FACILITIES 

As  a  result  of  the  requirement  to  evaluate  fuel-air  explosives,  e 
blast  test  facility  has  been  developed  at  NWC.  Measurement  of  blast 
parameters  from  fuel-air  explosives  (FAE)  places  some  rather  stringent 
requirements  on  facilities  and  instrumentation.  In  order  to  obtain 
quantitative  data  for  evaluating  the  performance  or  blast  output  of  an 
FAE  device,  measurements  must  be  made  in  a  rather  difficult  environment. 
The  equipment  must  operate  in  an  environment  where  peak  reflected  pres¬ 
sures  can  be  in  excess  of  1,000  psi  and  intense  heat  pulses  are  generated. 

Based  on  experience  with  FAE  and  drawing  on  the  requirements  for 
blast  testing  in  general,  several  requirements  of  a  blast  test  facility 
can  be  defined. 

1.  Uniform  surface  conditions  for  repeatability. 

2.  Rigid  mounts  for  transducers. 

3.  No  obstructions  to  perturb  the  blast  wave. 

4.  A  clean  area  for  photographic  coverage. 

5.  Flexibility  to  meet  varying  test  requirements. 

The  blast  test  facility  that  has  evolved  at  NWC  Is  located  at  CT-6  and 
is  operated  by  Code  4531. 

One  of  the  newer  additions  to  the  blast  test  facility  is  a  concrete 
test  pad.  This  pad  is  148  feet  long  by  96  feet  wide  with  one  end  being 
semi-circular  with  a  radius  of  48  feet.  Located  at  the  center  of  the 
circle  that  would  be  generated  if  the  arc  were  continued  is  a  4  foot 
diameter  hole  or  pit.  This  is  where  FAE  devices  are  normally  fired  and 
the  pit  is  used  to  catch  the  end-plate  from  the  warheads. 

Starting  3  feet  from  the  edge  of  this  pit  are  the  combination  instru¬ 
mentation  troughs  and  gage  mounts.  There  are  six  of  these  gage  lines 
extending  radially  from  the  firing  pit  (Fig.  0-1).  Each  gage  line  con¬ 
sists  of  a  trough  in  the  concrete  pad  approximately  4  Inches  square  in 
cross  section.  The  cover  is  3/4-inch-thick  aluminum  plates  mounted  flush 
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FIG.  D-l.  Pad  Layout. 


with  the  surface  of  the  pad.  These  plates  are  firmly  clamped  at  the 
edges  and  each  plate  is  not  longer  than  6  feet  for  ease  of  handling. 

The  blast  pressure  gages  or  other  instrumentation  are  mounted  directly 
in  these  plates. 

Around  the  edge  of  the  pad  are  junction  boxes  and  conduit  for  instru¬ 
mentation  lines.  These  all  feed  into  a  common  point  and  then  back  to  the 
instrumentation  and  control  bunker  approximately  500  feet  away. 

On  either  side  of  the  test  pad  and  offset  15  feet  from  the  firing 
pit  are  two  170  foot  poles.  These  poles  are  designed  to  support  loads 
up  to  1,000  pounds,  150  feet  above  the  pad.  They  are  most  frequently 
used  to  support  a  camera  for  overhead  photographic  coverage  of  test 
events,  but  may  also  be  used  for  supporting  or  dropping  weapons  or  other 
test  items. 

The  instrumentation  and  control  bunker  is  located  behind  an  earth 
barricade  approximately  500  feet  from  the  pad.  The  instruments  are 
housed  in  an  old  gun  ship  turret.  This  turret  has  been  set  into  the 
earthen  barricade  for  added  shielding.  A  motor-generator  unit  regulates 
the  electrical  power  and  the  Instrumentation  room  Is  air  conditioned, 
giving  a  favorable  operating  environment  for  the  instruments  in  the  bunker. 
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The  instrumentation  used  to  control  the  tests  consists  mainly  of  a 
timer-control  unit  that  automatically  turns  circuits  on  and  off  at  preset 
intervals  relative  to  the  firing  signal.  This  is  used  to  control  the 
cameras  as  well  as  control  test  sequences.  The  timer-control  unit  has 
the  capability  of  controlling  12  independent  channels. 

The  instrumentation  for  gathering  test  data  other  than  photographic 
data  is  centered  around  an  Ampex  FR1400  magnetic  tape  recorder.  This  is 
a  14  track  recorder  with  a  frequency  response  of  DC  to  better  than  400 
KHz  in  the  FM  mode.  Piezoelectlc  pressure  transducers  are  typically 
used  to  measure  blast  overpressures.  Low  noise  coaxial  cables  connect 
the  transducers  to  the  charge  amplifiers  located  in  the  instrumentation 
bunker.  Because  of  transducer  limitations,  the  output  of  the  charge 
amplifier  is  usually  passed  through  a  low  pass  filter  with  a  roll  off 
at  100  KHz.  The  charge  amplifiers  now  in  use.  Dynamics  Model  7350  modi¬ 
fied  for  high  frequency  response,  have  been  demonstrated  to  have  a  flat 
frequency  response  from  2  Hz  to  well  in  excess  of  100  KHz,  within  +2  db, 
when  driving  500  feet  of  low  noise  coaxial  cable. 

The  weakest  link  in  the  data  gathering  system  is  in  retrieving  the 
information  from  the  magnetic  tape.  The  signal  is  usually  played  back 
into  an  oscilloscope  and  the  resulting  trace  photographed.  Such  param¬ 
eters  as  peak  pressure  or  positive  phase  duration  may  b<  aad  directly 
from  the  trace  or,  for  more  complete  analysis,  the  trace  may  be  digitized 
and  the  Information  fed  into  a  computer  for  processing. 

The  primary  nressure  transducer  used  is  the  Susquehanna  Model  ST-2. 

It  uses  a  lead  metaniobate  crystal  as  the  sensing  element  and  the  first 
resonance  occurs  at  250  KHz.  A  nylon  pressure  plate  protects  the  diaphragm, 
but  additonal  shielding  In  the  form  of  a  layer  of  pressure  sensitive  tape 
Is  also  used.  This  tape  may  be  black  plastic  electricians  tape  or  other 
more  sophisticated  tapes  such  as  fiberglass  or  Teflon.  All  have  been  used 
with  approximately  equal  success.  The  main  function  of  this  tape  is  not 
to  protect  the  gage  physically  but  to  delay  the  thermal  pulse  from  reach¬ 
ing  the  sensitive  element.  This  allows  the  pressure  signal  to  be  recorded 


00  44811 


before  the  thermal  pulse  causes  the  output  to  drift.  There  are  quartz 
transducers  available  that  are  essentially  insensitive  to  thermal  pulses, 
but  the  technique  used  above  has  given  entirely  satisfactory  results  at 
a  significant  cost  savings. 

The  ST-2  transducers  are  normally  flush-mounted  in  the  gage  line 
cover  plates.  However,  they  are  not  mounted  directly  'n  the  place  but 
rather  in  a  Teflon  bushing  which  is  then  mounted  in  the  plate.  This 
bushing  isolates  the  transducer  electrically  and  also  attenuates  any  high 
frequency  vibrations  set  up  in  the  plates  by  the  blast. 

For  measuring  side-on  or  incident  pressures  above  the  surface  of 
the  pad,  pencil  type  probes  are  used.  Currently,  Model  ST-7  probes  manu¬ 
factured  by  Susquehanna  Instruments  are  used  for  these  measurements.  It 
has  the  same  sensing  element  as  the  Model  ST-2.  Since  these  have  to  be 
pointed  toward  the  blast  to  obtain  accurate  pressure  readings,  they  cannot 
be  used  with  confidence  within  the  FAE  cloud.  This  is  because  it  is 
difficult  to  predi ct  which  direction  the  detonation  wave  will  be  traveling 
within  the  cloud  and  also  because  of  the  numerous  reflections  that  usually 
occur  behind  the  detonation  wave  in  the  cloud. 

This  uncertainty  in  detonation  wave  path  or  direction  also  introduces 
uncertainty  into  the  pressure  measurements  made  with  the  flush  gages 
mounted  under  the  cloud.  The  peak  pressure  measured  will  be  influenced 
markedly  by  the  Incidence  angle  of  the  blast  wave  on  the  transducer. 
Depending  on  the  component  of  the  blast  wave  that  is  reflected,  the  peak 
pressure  recorded  can  be  several  times  the  true  side-on  pressure.  There¬ 
fore  it  is  often  difficult  to  apply  meaning  to  peak  pressures  measured 
by  transducers  in  contact  with  the  cloud.  The  photographic  coverage  can 
often  be  a  great  help  in  interpreting  the  pressures  recorded. 

Before  any  test  each  pressure  transducer,  charge  amplifier  and 
recorder  channel  are  calibrated  by  applying  a  known  pressure  to  the 
transducer.  A  calibrator  has  been  designed  and  built  at  NWC  which  can 
apply  pressures  up  to  500  psi  with  rise  times  of  1  to  3  milliseconds. 

This  method  of  calibration  checks  out  and  calibrates  the  complete  instru¬ 
mentation  channel  in  one  operation. 
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There  are  other  measurements  that  can  be  made  on  fuel-air  clouds. 

A  couple  that  have  been  tried  at  CT-6  with  limited  success  are  temper¬ 
ature  and  concentration  measurements.  The  problems  here  are  transducer 
problems  such  as  response  time  and  ruggedness  to  withstand  the  environ¬ 
ment. 

Another  facility  at  CT-6  that  is  being  used  extensively  for  FAE 
testing  is  the  hot  air  balloon.  This  is  a  tethered  balloon  capable  of 
lifting  several  hundred  pounds.  It  is  currently  used  to  drop  weapons 
from  heights  up  to  1,000  feet.  Pressure  measurements  have  been  made 
in  the  area  under  the  balloon,  but  there  is  the  practical  problem  cf 
transducer  placement.  Since  the  impact  point  cannot  be  predicted  with 
great  accuracy,  an  array  of  transducers  must  be  distributed  throughout 
the  impact  zone.  Thus  only  a  few  of  them  will  be  within  a  range  that 
will  give  usable  data  on  any  given  test. 

A  small,  shallow  man  made  "lake"  has  been  constructed  at  CT-6. 

This  was  initially  used  for  making  static  FAE  shots  over  water  but  has 
since  been  used  for  dynamic  testing.  The  test  units  were  dropped  from 
the  balloon  into  the  lake.  The  lake  is  approximately  150  feet  square 
and  3  feet  deep.  The  lake  was  constructed  by  scooping  out  a  depression 
in  the  dry  lake  bed  at  CT-6.  The  water  in  the  lake  comes  from  ground 
water,  the  lake  level  representing  the  water  table  in  that  area. 

The  test  procedure  for  one  type  of  test  conducted  frequently  at 
CT-6  will  be  given  as  an  example.  The  objective  of  the  test  would  be 
to  measure  the  blast  output  of  an  experimental  FAE  device. 

First,  the  position  of  the  pressure  transducers  would  be  selected. 
These  would  be  laid  out  in  two  gage  lines  extending  radially  from  the 
device  and  90  degrees  apart.  As  an  example,  assume  there  are  six  gages 
in  each  gage  line  and  that  they  are  positioned  10,  15,  20,  25,  35  and 
50  feet  from  ground  zero.  Then  the  peak  overpressures  anticipated  at 
each  transduc':*"  are  estimated  and  used  as  a  guide  in  calibrating  the 
system.  Again,  as  an  example,  assume  peaks  up  to  400  psi  are  expected 
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at  10  and  15  feet,  300  psl  at  20  feet,  150  psi  at  25,  50  psi  at  35  feet 
and  20  psi  at  50  feet.  These  are  given  in  Table  D-1  along  with  *he 
calibration  pressures. 


TABLE  D-1.  Anticipated  Peak  Pressures 
and  Calibrations. 


Gage 

Range , 
ft 

Peak, 

psi 

Calibration, 

psi 

1 

10 

400 

400,  300,  200,  100 

2 

15 

400 

400,  300,  200,  100 

3 

20 

300 

320,  240,  150,  80 

4 

25 

150 

160,  120,  80,  40 

5 

35 

50 

60,  45,  30,  15 

6 

50 

20 

24,  18,  12,  6 

The  charge  amplifiers  are  set  up  so  that  full  scale  output  is 
approximately  125%  of  the  peak  pressure  anticipated.  Then  each  gage  is 
calibrated  by  applying  the  appropriate  pressures  as  given  in  Table  D-1. 

The  resulting  charge  amplifier  outputs  are  recorded  on  the  tape  recorder 
and  played  back  in  the  same  manner  as  the  actual  test  data,  thus  the 
whole  data  channel  is  calibrated  at  one  time. 

Since  the  pressure  transducers  used  at  CT-6  are  reasonably  linear  In 
output,  the  four  calibration  points  are  used  to  fit  the  best  straight  line 
that  passes  through  zero.  The  following  equation  is  used  to  determine  the 
overall  data  channel  sensitivity. 


Sensitivity  (volts/psi) 


=V'EL 

l~i  Pi 


Vi 

2 


where  Pi  and  Vi  are  the  pressure  and  the  corresponding  output  voltage  for 
each  calibration  step. 
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After  each  transducer  is  calibrated,  it  is  pfaced  in  a  Teflon  bushing 
and  then  mounted  at  the  proper  range.  The  tape  covering  the  nylon  pres¬ 
sure  plate  of  the  transducer  Is  examined  and  replaced  if  necessary.  Prior 
to  the  actual  test  firing,  the  continuity  of  each  channel  is  checked  by 
tapping  each  transducer  lightly  and  watching  the  output  of  the  charge 
amplifier  on  an  oscilloscope. 

The  cameras  used  to  photograph  the  event  are  then  mounted  and  loaded. 
These  are  usually  Fas  tax  cameras  run  at  approximately  4000  frames  per 
second.  At  least  two  cameras  are  used.  One  is  supported  by  the  poles 
above  the  pad  for  overhead  coverage  and  the  other  is  mounted  off  to  the 
side  to  get  a  profile  view  of  the  cloud  and  detonation.  This  camera  is 
mounted  perpendicular  to  one  of  the  gage  lines.  A  third  camera  may  be 
mounted  perpendicular  to  the  other  gage  line,  as  this  type  of  back  up 
data  Is  *ften  invaluable  in  interpreting  the  pressure  data,  or  it  may 
be  set  to  get  a  close-up  view  of  the  initial  dispersion  process.  All 
the  Fastax  cameras  are  equipped  for  applying  a  timing  pulse  once  every 
millisecond  on  the  edge  of  the  film. 

The  experimental  device  is  then  set  In  place.  It  is  usually  mounted 
vertically  on  a  light,  four  legged  wooden  stand.  The  nd  should  collapse 
easily  under  the  forces  generated  by  the  dispersion  charge  so  as  to  reduce 
Its  Influence  on  the  cloud  formation  process.  The  height  of  burst  nor¬ 
mally  used  is  one  half  the  expected  cloud  thickness. 

If  a  self-contained  cloud  detonating  device  is  used,  this  Is  all 
the  setup  that  Is  required.  If  separate  charges  are  used  to  initiate 
cloud  detonation,  these  are  placed  at  the  desired  position  and  connected 
to  the  firing  circuit.  Tetryl  pellets  taped  to  a  wooden  2x2  foot  stand 
are  frequently  used  to  initiate  cloud  detonation  of  experimental  devices. 
Both  the  main  dispersion  charge  and  the  cloud  detonators  are  initiated 
with  electric  detonators  such  as  the  U.  S.  Engineers  Special. 

One  precaution  that  is  taken  is  to  remove  all  unnecessary  metal 
from  the  test  site,  or  to  use  aluminum  in  place  of  iron  or  steel.  This 
reduces  the  probability  of  burning  the  fuel-air  cloud  from  sparks  caused 
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by  fragments  striking  metallic  objects.  Also,  the  cloud  detonators  and 
signal  lines  are  positioned  relative  to  the  device  so  as  to  reduce  the 
probability  of  being  hit  by  fragments. 

The  actual  firing  is  conducted  from  the  control  and  instrumentation 
bunker.  The  start  times  for  the  cameras  as  well  as  the  firing  pulses  to 
the  dispersion  charge  and  cloud  detonator  are  programmed  into  the  time“- 
control  unit.  Either  the  firing  pulse  to  the  dispersing  charge  or  the 
cloud  detonator,  or  both,  are  recorded  on  one  channel  of  the  tape  recorder. 

This  signal  is  then  used  as  a  trigger  pulse  when  playing  back  the  trans¬ 
ducer  signals. 

The  signals  recorded  on  the  tape  machine  are  played  back  into,  an 
oscilloscope  and  the  resulting  traces  photographed.  The  arrival  time 
of  the  blast  wave  at  the  gage  can  be  determined  as  well  as  the  pressure¬ 
time  history  at  each  gage. 

2.  TEST  PROCEDURES 
2.1  Introduction. 

The  air  blast  or  shock  wave  that  is  produced  by  the  detonation  of 
a  fuel-air  explosive  is  similar  to  that  produced  by  a  solid  explosive  j 

and  the  same  techniques  can  be  used  to  measure  the  blast  waves  from 
both  types  of  explosives. 

However,  the  detunation  of  a  fuel -air  explosive  is  the  second  step 
of  a  two  step  process.  The  first  step  is  the  generation  of  the  fuel-air 
mixture.  This  may  be  done  in  several  ways,  but  it  is  always  a  long 
process  c.ompared  to  the  time  it  takes  for  the  detonation  to  occur.  For 
most  fuel -air  explosive  bombs,  this  mixing  of  the  fuel  with  the  air  is 
initiated  upon  contact  with  the  ground  surface  or  in  close  proximity  to  k 

it.  The  downward  velocity  of  the  bomb,  and  therefore  the  fuel,  can  have 
a  significant  effect  on  the  functioning  of  the  bomb.  This  makes  it  essen¬ 
tial  that  fuel-air  explosive  bombs  be  tested  under  dynamic  conditions 
similar  to  what  they  will  see  in  operational  use. 
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Because  of  the  technical  difficulties  and  expense  involved  In 
obtaining  good  data  ip  sufficient  quantity  under  dynamic  conditions,  it 
is  often  desirable  to  conduct  a  complete  series  of  static  tests  under 
optimum  conditions;  and  then  conduct  only  enough  tests  under  dynamic 
conditions  to  determine  if  there  is  a  significant  difference  between 
the  static  and  dynamic  test  results.  Generally,  the  static  tests  can 
be  optimized  to  give  the  maximum  blast  effect  that  can  be  expected  from 
a  given  design.  The  dynamic  tests  are  needed  only  to  determine  if  and 
to  what  degree  the  performance  of  the  bomb  is  degraded  under  operational 
conditions. 

2.2  Static  Test  Procedure. 

To  minimize  Interference  with  the  shock  wave,  bomb  blast  tests 
should  be  conducted  in  a  cleared,  hard  packed,  flat  area,  large  enough 
to  hold  all  field  instrumentation.  Electrical  lines  and  gages  should 
be  protected  from  fragments  if  necessary. 

Due  to  the  complex  nature  of  the  detonation  process  in  the  fuel -air 
explosive  mixture,  pressure  transducers  positioned  within  the  detonating 
mixture  do  not  give  meaningful  results  unless  they  are  omnidirectional. 
Generally,  gages  mounted  flush  with  the  surface  under  the  octonating 
mixture  are  the  only  gages  in  contact  with  the  mixture.  These  are 
exposed  to  a  larqe  thermal  pulse  and  some  type  of  thermal  barrier  may 
be  required  to  separate  the  pressure  pulse  from  the  thermal  pulse.  Con¬ 
ventional  blast  gages  may  be  placed  at  the  ranges  of  interest  outside 
the  detonating  mixture.  At  least  two  gage  lines,  90  degrees  apart, 
should  be  used. 

High  speed  camera  coverage  is  essential  for  a  proper  interpretation 
of  test  results.  A  framing  rate  between  2000  and  4000  frames  per  second 
is  usually  satisfactory.  In  addition,  overhead  camera  coverage,  while 
not  necessary,  can  provide  much  data  of  value  in  interpreting  the  test 
results. 

The  bomb  should  be  positioned  vertically  and  at  its  designed  stand¬ 
off  distance. 
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If  a  fuel-air  explosive  detonates  while  the  fuel-air  mixture  is  in 
contact  with  the  ground,  a  Mach  stem  may  not  form.  If  all  or  part  of 
the  fuel-air  mixture  is  not  in  contact  with  the  ground  at  the  time  of 
detonation,  a  Mach  stem  will  form  and  care  must  be  exercised  when  inter¬ 
preting  the  data.  It  is  almost  impossible  to  predict  the  path  of  the 
triple  point  accurately  since  the  fuel-air  explosive  type  bomb  has  in¬ 
herent  variations  in  cloud  shape  and  size. 

2.3  Dynamic  Test  Procedure. 

Several  classes  or  levels  of  data  can  be  obtained  in  these  tests. 
The  first  or  lowest  class  is  to  determine  if  the  bomb  functioned  in  such 
a  manner  that  a  detonation  occurred.  No  attempt  is  made  to  obtain 
pressure-time  data,  only  enough  information  is  gathered  to  ascertain 
that  a  detonation  did  occur.  Detonation  velocity  determinations  from 
high  speed  photographic  coverage  will  usually  provide  this  Information. 

A  second  class  of  data  would  be  to  determine  a  certain  portion  of 
the  pressure-time  history,  such  as  peak  pressure  or  a  characteristic 
Impulse.  Crude  measures  of  these  can  usually  be  obtained  with  simple 
indicating  devices  such  as  the  bikini  gage  or  some  land  mine  fuzes. 

While  these  have  the  advantage  that  they  do  not  require  electronic 
equipment,  their  usefulness  for  providing  quantitative  data  is  very 
limited.  These  and  other  types  of  simple  indicating  devices  such  as 
cantilever  beams  and  collapsing  cylinders  should  only  be  used  for  com¬ 
parison  to  results  obtained  with  these  same  devices  under  static  test 
conditions.  This  requires  that  the  Indicating  device  used  be  calibrated 
as  to  functioning  range  in  static  tests  prior  to  use  in  dynamic  tests. 

Impulse-sensitive  rather  than  peak-pressure-sensitive  indicating 
devices  are  more  desirable  since  the  Impulse  is  more  likely  to  change 
under  dynamic  conditions.  The  peak  pressure  obtained  is  largely  a 
function  of  the  fuel  used,  while  the  impulse  depends  on  the  geometrical 
shape  of  the  fuel -air  cloud  as  well  as  the  peak  pressure. 
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When  testing  larger  sizes  of  fuel-air  explosive  bombs,  BRL-type 
self  recording  gages  may  provide  quantitative  as  well  as  qualitative 
cnta  about  the  blast.  However,  because  of  their  slow  response  time,  the 
output  of  these  pages  should  also  be  compared  to  results  obtained  under 
static  test  conditions. 

The  third,  or  hiqhest  level  of  data  would  be  to  determine  the  entire 
pressure-time  histories  with  the  same  instrumentation  system  used  in  the 
static  tests.  Because  of  the  uncertainty  in  knowing  the  impact  point 
before  the  test,  it  is  generally  not  feasible  to  use  the  same  type  of 
gage  layout  used  in  static  tests.  The  qage  layout  used  will  depend  on 
the  accuracy  with  which  one  is  able  to  predict  the  Impact  point  and  the 
number  of  gages  available.  Again,  hi  oh  speed  camera  coverage  is  an 
invaluable  aid  in  interpreting  the  pressure-time  data  obtained. 

If  static  test  data  are  not  available  or  are  of  poor  quality,  well 
instrumented  dynamic  tests  are  essential  for  the  proper  evaluation  of 
an  CAE  bomb. 

2 • 4  Data  to  be  Obtained  -  Static  Tests. 

2.4.1  Test  Item  Bata. 

2. 4. 1.1  A  general  description  of  each  test  Item.  This  should  include 
the  description  and  nomenclature  of  the  warhead  and  the  explosive  com- 
ponen ts . 

2. 4. 1.2  Test  item  weiqht. 

2. 4. 1.3  Weights  and  types  of  explosive  fill. 

2. 4. 1.4  Height  of  burst  or  standoff. 

t 

2. 4. 1.5  Nominal  time  delay  between  initiation  of  mixing  process  and 
detonation. 

2.4.2  Meteroloqlcal  Data. 

2.4.2. 1  Barometric  pressure. 

2. 4. 2. 2  Temperature. 
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2.4.?. 3  Relative  humidity. 

2.4. 2. 4  Wind  direction  and  velocity  at  time  of  detonation.  Generally , 
teat  firings  should  not  be  made  in  winds  greater  than  10  knots. 

2.4.3  Pressure  Data. 

A  pressure-time  history  should  be  obtained  from  each  gage  site. 

2.4.4  Photographic  Data. 

2.4.4. 1  Side  view  high  speed  photographic  coverage  of  the  mixing  process 
and  detonation. 

2.4. 4. 2  Overhead  high  speed  photographic  coverage.  If  available. 

2.4.5  Reflection  Coefficient. 

The  reflection  coefficient  should  be  determined  experimentally  as 
often  as  changing  soil  conditions  dictate. 

2 . 5  Data  to  be  Obtained  -  Dynamic  Tests. 

In  addition  to  the  data  requirements  listed  under  paragraph  2.4, 
the  Impact  angle  and  velocity  of  the  bomb  should  be  determined. 

The  pressure- time  data  obtained  will  depend  on  the  type  of  instru¬ 
mentation  used.  The  main  requirement  Is  that  the  data  be  obtained  in  a 
form  that  can  be  directly  compared  to  data  from  static  tests. 

2.6  Data  Reduction. 

For  effectiveness  studies,  the  following  air  blast  data  are  usually 
required. 

a.  Peak  overpressure  (pei). 

b.  Positive  impulse  (pai-mseo). 

c.  Positive  duration  (msec). 

d.  Typical  pressure- time  histories. 

e.  Any  other  data  that  may  be  needed  to  meet  specific  test 
ob jecti ves . 
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CHAPTER  1 


INTRODUCTION 


1-1.  Purpose.  This  publication  seta  forth 
procedures  for  determining  the  reaction  of  am¬ 
munition,  explosives,  and  solid  propellants  to 
specified  initiating  influences.  Based  on  reac¬ 
tions  obtained,  it  further  provides  for  assign¬ 
ment  of  appropriate  hazard  classifications 
(Quantity-Distance  Class,  Storage  Compatibil¬ 
ity  Group,  ICC  Class  and  ICC  Markings).  It 
also  specifies  tests  from  which  required  safety 
distances  for  single  and  multistage  solid  pro¬ 
pellant  systems  may  be  determined.  It  seeks  to 
assure  that  under  identical  conditions  all  DOD 
Components*  and  other  involved  Government 
agencies  will  use  identical  halard  classifica¬ 
tions  for  ammuition,  explosives,  and  solid  pro- 
pelant  items. 

1-2.  Division  of  Criteria.  The  procedures  are 
divided  into  five  chapters  as  follows : 

a.  Chapter  1 — provides  general  information 
as  to  the  use,  apolicaiion,  and  limitations  of  the 
procedures. 

b.  Chapter  2 — provides  general  information, 
establishes  responsibility,  and  prescribes  ad¬ 
ministrative  procedures  for  processing  de¬ 
terminations  of  hazard  classification  informa¬ 
tion. 

c.  Chapter  3 — establishes  minimum  test 
criteria  for  explosives  compositions  and  solid 
propellant  compositions. 

d.  Chapter  4 — establishes  minimum  test  re¬ 
quired  as  a  basis  for  determination  of  hazard 
classification  information  of  omnr.nition  items 
including  rocket  motors  and  rocket  ammunition 
up  to  8-inch  diameter. 


e.  Chapter  6 — establishes  minimum  tests  re¬ 
quired  as  a  basis  for  determination  of  safety 
distances  for  items  containing  solid  propellants. 

1—3.  Use  of  the  Procedures.  Procedures  here¬ 
in  will  be  included  in  any  test  plan  which  is 
developed  by  the  responsible  DOD  Component* 
for  a  specific  item  to  be  tested.  They  are  to  be 
considered  us  a  minimum  with  regard  to  the 
type  and  number  of  tests.  Additional  tests,  both 
in  number  and  type,  may  be  conducted  as  de¬ 
sired  by  the  responsible  DOD  Component. 

1-4.  Application  to  Existing  Items.  Tests 
may  be  performed  on  existing  items  at  tho 
discretion  of  the  responsible  DOD  Component 
when  adequate  information  is  not  available  to 
properly  classify  the  item. 

1-5.  Hazards  Not  Determined  by  These 
Criteria.  During  the  development  of  these  pro¬ 
cedures,  all  types  of  hazards  were  considered, 
however,  tests  are  not  included  to  specifically 
determine  the  following: 

а.  Hazards. 

(1)  From  toxic,  biological,  or  radioactive 
sources. 

(2)  During  various  stages  of  manufac¬ 
ture  and  assembly. 

(S)  From  flight  range  of  guided  missiles 
or  rockets  in  luunch  configuration. 

(4)  Associated  with  launching  of  a  vehicle 
or  tactical  missile. 

б.  Susceptibility  to  Accidental  Initiation  by 
Electrostatic  and  Electromagnetic  Influence. 
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GENERAL 


2-1.  Introduction.  This  chapter  provides 
general  information  ns  to  applicability  and  re¬ 
sponsibility.  and  administrative  procedures  in 
processing  determinations  of  hazard  classifica¬ 
tion  information. 

2-2.  Procedure,  a.  The  DOD  Component 
sponsoring  development,  or  first  adopting  for 
use  an  explosive  item  or  assembly  will  be  re¬ 
sponsible  for  assigning  the  appropriate  hazard 
classification  (Quantity-Distance  Class,  Storage 
Compatibility  Group,  ICC  Class  and  ICC  Mark¬ 
ings)  .  As  a  basis  for  this  action,  the  DOD  Com- 


thia  document  or  will  establish  analogies  with 
other  items  that  have  been  properly  classified. 

6.  The  responsible  DOD  Component  will  no¬ 
tify  the  addressees  listed  in  paragraph  2-3  of 
hazard  classifications  being  assigned.  Docu¬ 
mentation  to  support  these  classifications  will 
be  furnished  where  major  items  such  as  rocket 
motors  and  systems  are  involved  or  where  any 
of  the  listed  addresses  are  known  to  have 
special  interest  in  the  item  involved.  Otherwise, 
documentation  will  be  furnished  only  upon  re¬ 
quest. 

c.  Upon  receiving  notification  of  a  hazard 
classification  assignment  that  is  considered  in¬ 
correct,  a  Military  Department  will  advise  the 
responsible  DOD  Component  within  30  days  of 
its  nonconcurrence.  The  Armed  Services  Ex¬ 
plosives  Safety  Board  (ASESB)  will  resolve 
differences  which  cannot  be  resolved  by  the 
DOD  Components  concerned. 

d.  The  hazard  classifications  assigned  will  be 
provided  to  the  MTMTS  for  transmittal  to  the 
ICC  with  the  statement  that  assigned  classifica¬ 
tions  have  been  concurred  in  by  the  Military 
Departments.  Such  correspondence  will  be  ad- 
<  ressed  as  shown  in  paragraph  2-3. 

e.  The  responsible  DOD  Component  should 
notify  other  components  and  agencies  of  signi¬ 
ficant  teats  that  are  pending  and  afford  them 


the  opportunity  to  observe  the  conduct  of  these 
testa. 

/.  When  cases  arise  which  require  special 
considerations,  or  when  the  test  requirements 
of  this  document  cannot  be  met  for  a  specific 
item,  the  responsible  DOD  Component  will  co¬ 
ordinate  with  the  ASESB  to  develop  appropri¬ 
ate  test  criteria  for  the  case  in  question. 

2-3.  Notification  of  Classifications.  <k  The 
DOD  Component  responsible  for  determining 
the  hazard  classifications  will  furnish  notifica¬ 
tions  of  classifications  assigned  (and  where  ap¬ 
propriate  supporting  documentation)  to  the 
following: 

(1)  For  concurrence. 


Deputy  The  Inspector  General 
for  Inspection  and  Safety, 
USAF 

ATTN:  AFIAS-G2 
Norton  AFB,  Calif.  92C9 
U.S.  Army  Materiel  Command 
Department  of  the  Army 
ATTN:  AMCAD-S 
Washington  D.  C.  20315 
Commander,  Naval  Ordnance 
Systems  Command 
Department  of  the  Navy 
(ORD-932) 

Washington,  D.  C.  20360 
(2)  For  information. 

Chairman 

Armed  Services  Explosives 
Safety  Board 
Department  of  Defense 
Washington,  D.  C.  20316 
Headquarters,  U.S.  Coast 
Guard 

ATTN:  Hazardous  Cargo 
Division 

Washington,  D.  C.  2022f 
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Headquarters 
National  Aeronautics  & 

Space  Administration 
ATTN :  Safety  Director 
(Code  BY) 

Washington,  D.  C.  20646  2 

(3)  For  transmittal  to  ICC. 

Headquarters 

Military  Traffic  Management 
&  Terminal  Service 
ATTN:  MTMTS-PM 
Washington,  D.  C.  20316  1 

6.  Documentation  of  tests  referred  to  in 
paragraph  2-26  will  include  the  following  in* 
formation,  as  applicable: 

(1)  Preliminary  data. 

(а)  Item  designation  (and  Federal 
stock  No.  if  available). 

(б)  Item  lot  number. 

(e)  Item  sublot  number. 

(i)  Item  serial  number. 

(«)  Detailed  quality  control  report  on 
location  and  size  of  defects  if  any, 
in  test  item. 

(/)  The  following  additional  informa¬ 
tion  will  be  included  in  reports  of 
tests  conducted  under  chapter  6: 

1.  Propellant  type,  designation  and 
all  ingredients  in  percent  by 
weight 

t.  Propellant  lot  number. 

3.  Propellant  batch  number. 

4.  Propellant  grain  serial  number. 

5.  Propellant  weight  before  test. 

(o)  Date  of  manufacture  of  item. 

(A)  Date  of  test. 

<*)  Type  of  pretest  treatment  (temper¬ 
ature  conditioning,  etc.). 

(;)  Meteorological  datn. 

1.  Ambient  air  temperature.* 

t.  Barometric  reading.* 

3.  Wind  velocity  and  direction.* 

4.  Relative  humidity.* 

5.  Adiabatic  chart.* 

S.  Upper  air  chart.*  * 

(2)  Test  data. 


test  setup  prior  to  test  showing  lo¬ 
cation,  type,  and  distance  of — 

1.  Instrumentation. 

2.  Cameras. 

3.  Donor. 

(6)  Photos  of  the  actual  test  items  in 
the  test  configuration  and  photo¬ 
graphs  of  the  test  position  after 
firing. 

(c)  Profile  ground  elevation  map  of 
test  area  out  to  andf  including 
the  .2  psi  overpressure  point  or 
maximum  fragmentation  distance, 
whichever  is  greater.  The  profiles 
will  be  90°  apart,  and  for  horizon¬ 
tally  oriented  items,  paralled  to  and 
perpendicular  to  the  axis  of  the  test 
item.* 

(d)  Reproductions  of  all  pertinent  ori¬ 
ginal  recorded  data  and  related  cal¬ 
ibrations. 

(8)  Reduced  deta. 

(o)  Overpressure  in  psi  and  impulse  vs 
distance  curve  (including  calibra¬ 
tion  test).* 

(6)  Fireball  radius  as  a  function  of 
time.* 

(e)  A  map  locating  the  radial  and  >■..<- 
gular  petitions  of  unexploded  f  terns, 
metal  fragments,  and  propetlant 
fragments  (burned  and  unburned) 
with  respect  to  the  test  position. 
Fragment  type  and  etestimated 
weight  will  be  indicated. 

(tf)  Crater  dimensions. 

2-4.  Instrumentation.  In  order  to  properly 
interpret  test  results,  instrumentation  of  vari¬ 
ous  types  must  be  used  when  conducting  tests 
under  chapter  6.  Gages  for  recording  overpres¬ 
sure  and  impulse  will  be  provided  for  tests  in 
paragraphs  6-8,  6-10,  and  6-11.  Photographic 
coverage  will  be  provided  for  nil  tests.  Instru- 
mentation  to  be  used  is  as  follows : 

a.  Blnst  overpressure  gages  used  for  mea¬ 
suring  *ide-on  overpressure  must  be  capable  of 
recording  the  complete  pressure-time  history 
of  the  shock  wave,  so  that  both  peak  pressure 
and  impulse  data  can  be  obtained.  A  minimum 


(a)  Schematic  drawings  and  photos  of 

St*!  11  »!U  l*t  »*  U»U  aUw  tliiilir  (, 

**7*  W  Uln  at  fiMfyl  whOmt  aUtU*  far  il  laata  ever  tMM 


of  14  gage*  are  required  and  will  be  arranged 
In  two  radial  arrays  (one  parallel  to  the  long 
axis  of  the  test  item  and  the  other  90°  to  this, 
at  the  center  of  the  test  item,  for  testing  in 
vertical  position,  two  radial  arrays  at  90°  to 
each  other).  These  gages  should  be  placed  to 
record  expected  overpressures  of  80,  20,  10,  6, 
1,  0.5,  and  0.2  psi.  Prior  to  conducting  the  test, 
the  gages  must  be  calibrated.  Wherever  pos¬ 
sible,  calibration  will  be  by  at  least  two  met¬ 
hods  ;  one  of  which  will  consint  of  detonating  a 
known  quantity  of  high  explosives  in  the  ap¬ 
proximate  location  where  the  test  item  is  to  be 
placed.  The  results  of  the  calibration  tests  are 
to  be  included  with  the  test  report.  Gages  of 
proven  reliability  and  in  common  use  will  be 
used.  In  those  cases  which  deviate  from  this 
guidance,  the  gages  will  be  calibrated  in  such 
a  manner  that  results  can  be  correlate]  with 
results  achieved  by  other  operators  using  dif¬ 
ferent  systems. 

b.  Color  motion  picture  coverage  of  tests 
under  chapter  6  will  be  as  follows: 

(1)  A  minimum  of  two  documentary 


cameras  at  16  or  24  frame*  per  second 
for  all  tests  under  chapter  6. 

(2)  A  minimum  of  iwb  high  speed 
cameras  at  4,000  frames  per  second, 
viewing  the  test  from  at  least  two 
directions  for  testa  in  paragraphs  6-8, 
6-10,  and  6-11.  Timing  will  be  In¬ 
cluded  on  all  high  speed  film  using 
the  test  initiation  sign  as  a  base  line. 
Such  motion  picture  coverage  will  be 
provided  in  other  tests  if  essential  to 
the  evaluation  of  test  results. 

(8)  Still  photographs  will  be  taken  of 
the  test  setup  before  and  after  all 
tests. 

c.  Instrumentation  to  measure  fireball  tem¬ 
perature  and  radiant  heat,  and  where  feasible, 
heat  absorption  representative  materials.  This 
instrumentation  will  be  provided  where  it  is 
feasible  and  where  useful  data  can  be  obtained. 

Warning:  Dating  all  the  test  phases,  ex¬ 
treme  caution  will  be  observed.  Strict  safety 
procedures  will  bs  enforced. 

Not*.  The  w||nM  proeaduraa  for  Initiating  llf*» 
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CHAPTER  3 

MINIMUM  TEST  CRITERIA  FOR  BULK  EXPLOSIVE 
COMPOSITIONS  AND  SOLID  PROPELLANT  COMPOSITIONS 


3-1.  Introduction,  a.  Tests  in  this  chapter 
Are  intended  to  develop  data  on  the  stability 
and  sensitivity  of  new  compositions  of  bulk  ex¬ 
plosives  and  solid  propellants.  Such  data  is 
required  in  order  to  determine  that  these  com¬ 
positions  are  safe  to  handle,  transport,  and 
store. 

b.  These  tests  are  conducted  on  laboratory 
samples  of  material.  The  sample  weights  or 
dimensions  listed  are  the  minimum  upon  which 
conclusions  may  be  drawn;  however,  it  is  sug¬ 
gested  that  smaller  samples  be  tested  to  give 
preliminary  indications  of  the  hazards  to  be 
encountered. 

3-2.  Scope.  This  chapter  includes  those  test3 
required  to  assign  hazard  classifications  for 
transportation  of  the  bulk  composition.  These 
tests  must  be  conducted  prior  to  shipment  in 
commerce  of  any  explosive  or  propellant  com¬ 
position  other  than  “Laboratory  Samples’’  os 
specified  by  current  ICC  Regulations. 

3-3.  Classification  of  End  Items.  Procedures 
in  chapters  4  and  6  must  be  followed  in  the 
assignment  of  the  transportation  and  storage 
classifications  to  end  items  containing  the  ex¬ 
plosive  or  propellant  composition  except  when 
an  analogy  can  be  established  with  other  items 
that  are  properly  classified  and  identified. 

3-4.  Recording  of  Data.  The  results  of  tests 
performed  under  this  chapter  are  to  be  re¬ 
corded  in  a  manner  similar  to  that  shown  in 
figure  1. 

3-5.  Instrumentation.  Due  to  the  limited 
quantity  of  material  involved  in  these  tests, 
instrumentation  to  record  peak  pressure,  im¬ 
pulse,  and  temperature  as  well  as  high  speed 
photography  may  be  eliminated. 

3-6.  Equipment.  The  following  equipment 
is  required  for  tests  under  this  chapter: 
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o.  One  Bureau  of  Explosives  impact  ap¬ 
paratus.  Drawings  are  available  at  the  Bureau 
cf  Explosives,  Association  of  American  Rail¬ 
roads,  63  Vesey  Street,  New  York,  N.  Y.,  J0007. 

b.  One  ventilated  explosionproof  oven  cap¬ 
able  of  maintaining  a  temperature  of  76°C  or 
above  for  a  poriod  of  48  hours.  The  oven  will 
be  equipped  to  continuously  record  the  tem¬ 
perature.  Dual  devices  for  control  of  tempera¬ 
ture  should  be  provided. 

c.  Number  8  electric  blasting  caps  or  caps 
of  equivalent  strength  es  required.  A  number 
8  blasting  cap  is  defined  by  ICC  as  one  contain¬ 
ing  2  grams  of  a  mixture  of  80  percent  mercury 
fulminate  and  20  percent  potassium  chlorate. 

d.  One  blasting  machine  or  equivalent  for 
initiating  electric  blasting  caps. 

e.  Kerosene-soaked  sawdust  sufficient  for 
three  beds,  1-foot  square  and  V4  inch  thick. 

/.  Electric  match-head  igniters  as  required. 

g.  Solid  lead  cylinders  ly^-inch  diameter  by 
4  inches  high  as  required. 

h.  One  piece  of  mild  steel  plate  SAE  1010 
to  1030,  Va  inch  thick  by  12  inches  square. 

i.  Mild  steel  plates  (SAE  1010  to  1080)  6 
inch  x  6  inch  x  %  inch  as  required. 

j.  Tubing,  steel,  cold  drawn  seamless,  mech¬ 
anical,  composition  1016,  l7/e  inch-OD,  0.219 
inch-wall  thickness  variations  ±  10  percent  ac¬ 
ceptable  by  5'/2  inches  long  as  required. 

k.  Cellulose  acetate,  or  equivalent,  cardB,  2 
inch  diameter  by  0.01  inch  thick  as  required. 

l.  Wire  (demolition  cable)  as  required  for 
connecting  blasting  machine  to  electrically  in¬ 
itiated  items. 

m.  Engineers  special  electric  blasting  caps 
(J-2)  as  required. 

3-7.  Test  Samples.  The  following  test  sam¬ 
ples  are  required  for  this  chapter : 

o.  Twelve  samples  2±,i-inch  cubes. 
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6.  Ten  10  mg  (approx)  samples  suitable  for 
use  in  the  Bureau  of  Explosives  impact  ap¬ 
paratus  (0.20  ih.  it  .02  in.  diameter  x  0.10  in. 
■Jz  .02  in.  long). 

e.  2-inch  diameter  by  1-inch  long  pressed 
pentolite  pellet,  Federal  stock  No.  1375-991- 
8891  as  required  (para  6-le). 

d.  Samples  sufficient  to  fill  12  each  of  item 
8-6/  above  (para  3-12c(2) ). 

3-8.  Detonation  Test.  a.  Place  one  lead  cylin¬ 
der  (S-€ff)  upon  the  steel  plate  (3-6 A).  Place 
a  No.  8  blasting  cap  (3-6e)  perpendicular  to 
and  in  contact  with  a  fiat  surface  of  the  2-inch 
cube  sample  (3-7a)  which  is  then  placed  on 
top  of  the  lead  cylinder.  A  2-inch  diameter 
wood  block  with  a  hole  drilled  in  its  center 
similar  to  that  shown  in  figure  2  may  be  used 
for  positioning  the  blasting  cap.  Deformation 
(mushrooming)  of  the  lead  cylinder  will  be 
considered  as  evidence  of  detonntion.  Conduct 
this  test  a  minimum  of  five  times,  or  until  de¬ 
tonation  occurs,  whichever  is  the  least  number 
of  tests. 

b.  Data  from  this  test  will  be  recorded  under 
Detonation  Test. 

3-9.  Ignition  and  Unconfined  Burning  Test. 
a.  Place  a  2-inch  sample  (S~7a)  on  a  bed  of 
kerosene-soaked  sawdust  (S-6e) ,  and  ignite  the 
sawdust  with  an  electric  match-head  igniter 
(3  -6/).  Perform  this  teat  twice. 

b.  Place  four  2-inch  (3-7 n)  samples  end-to- 
end  in  a  single  row  in  contact  with  each  other 
on  a  single  :ied  of  kerosene-soaked  sawdust 
(3-6e)  nnd  ignite  the  sawdust  with  in  electric 
match-head  igniter  (3-6/)  at  one  end, 

e.  Record  results  under  Ignition  and  Vncon- 
Aned  Burning  Test 

3-16.  Thermal  Stability  Test.  a.  Place  one 
2-inch  sample  (S-7a)  m  constant  temperature 
explosionproof  oven  (3-65).  Raise  the  tempera¬ 
ture  of  the  oven  to  75°C.  nnd  maintain  the 
temperature  at  76°C.  for  a  period  of  48  hours. 
These  temperatures  will  be  continuously  re¬ 
corded.  Constant  observation  is  not  required. 

6.  Record  results  under  Thermal  Stability 
Test. 

3-11.  Impact  Sensitivity  Teat.  a.  Conduct 
ten  individual  tests  using  one  sample  (3-76) 
per  test  in  the  Bureau  of  Explosives  impact 
apparatus  (3-6a). 

6.  The  sample  (3-76)  is  placed  in  the  cup 
assembly,  the  weight  is  then  dropped  from  the 


desired  height  (i.e.,  3%  or  10  in.)  Observe  re¬ 
sults  to  supply  data  as  required  under  Impact 
Sensitivity. 

c.  Use  cleaning  equipment  ns  required  to 
thoroughly  clean  and  dry  the  anvil  and  cup  as¬ 
semblies  of  the  impact  apparatus  prior  to  each 
test  Apparatus  must  be  at  ambient  tempera¬ 
ture  (room  temperature)  25°C.  ±  5°  prior  to 
each  test. 

d.  Check  that  the  equipment  is  properly 
leveled  and  replace  the  tools  when  worn. 

3-12.  Card  Gap  Test  a.  Materials  required 
for  each  test  arc  as  follows: 

(1)  One  each  tubing  (8-  6/). 

(2)  Sample  (3-7 d)  cast  into  or  machined 
to  fit  into  above  tubing. 

(3)  Two  pentolite  pellets  2-5nrh  diameter 
by  1  inch  long  (S-7e). 

(4)  One  Engineers  Special  Blasting  Cap 
J-2  (3-6 w). 

(5)  One  Btcel  plate  6  inch  x  6  inch  x  % 
inch  (3~6i). 

(6)  Cellulose  acetate,  or  equivalent,  cards 
2-inch  diameter  x  0.01  inch  thick 
(3-Cfc). 

(7)  Four  pieces  of  plastic  material  1/16 
inch  x  Vi  inch  x  V2  inch. 

6.  Test  configuration.  The  components  of  the 
teat  are  arranged  in  the  following  manner.  The 
witness  plate  is  supported  on  two  edges  par¬ 
allel  to  nnd  approximately  C  inches  nbove  the 
ground  surface.  Four  small  pieces  of  material 
1/16  inch  x  */>  Inch  x  inch  ate  placed  on  the 
plate  to  support  the  pipe  containing  the  teat 
sample,  and  maintain  the  1/16  inch  air  gap, 
which  should  not  overlap  onto  the  propcllnnt 
or  explosive.  The  air  gap  between  the  acceptor 
and  witness  plate  should  be  free  of  solid  ma¬ 
terial.  The  test  sample  is  to  be  located  approxi¬ 
mately  in  the  center  of  the  witness  plate.  The 
pentolite  booster  is  then  placed  on  top  of  and 
in  contact  with  the  sample  at  the  top  of  the 
pipe  and  the  J-2  blasting  cap  attached.  The  ar¬ 
rangement  of  componetc  for  this  test  is  similar 
to  that  shown  in  figure  2  except  the  cellulose 
acetate  cards  and  the  cardboard  tube  are  omit¬ 
ted  in  this  test.  Detonation  ia  indicated  when  a 
clean  hole  is  cut  in  the  witness  plate.  The  test 
sample  and  explosives  booster  are  to  be  at  a 
temperature  of  approximately  25°C.  ±  6®  at 
time  of  test  Should  no  detonation  occur  iu  the 
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first  test,  it  will  be  repeated  two  times  for  a 
total  of  three  tests.  If  detonation  occurs,  pro¬ 
ceed  to  paragraph  3-1 2c. 

e.  The  following  tests  are  to  be  performed 
v/hen  the  test  sample  detonates  in  the  above 
tests  (3-126) .  If  no  detonation  of  the  test  sam¬ 
ple  occurs  in  the  above  tests,  this  test  will  not 
be  performed. 

(1)  The  teat  samples,  high  explosive 
boosters  and  witness  plates  used  in 
these  tests  are  as  given  in  paragraph 
3-12a  above.  The  attenuation  cards 
used  are  0.31-inch  cellulose  acetate 
sheet  or  equivalent  (8-6 fc).  These 
tests  are  to  be  conducted  with  the 
test  Bampie  and  booster  at  a  tem¬ 
perature  of  approximately  26°C.  ±  5’ 
throughout.  The  test  setup  is  as  shown 
in  figure  2.  The  cellulose  acetate  cards 
should  be  held  firmly  but  not  pressed. 

(2)  The  first  test  to  be  performed  will 
utilize  8  cards;  if  a  detonation  occurs, 
the  number  of  cards  will  be  doubled 
(i.e.,  16  cards)  for  the  second  test. 
If  no  detonation  occurs  reduce  the 
number  of  cards  by  one-half  (i.e.,  4 
cards).  Doubling  of  the  number  of 
cards  will  be  continued  in  succeeding 
tests  until,  no  detonation  occurs.  When 
a  number  of  cards  is  reached  that 
prevents  detonation,  the  next  test  will 
be  with  the  number  of  cards  reduced 
by  half  the  preceding  Increment  of 
increase  (i.e.,  if  detonation  occun  nt 
32  cards  but  not  nt  64  cards,  the  next 
test  will  be  with  48  cards).  If  detona¬ 
tion  occurs  at  the  reduced  number  of 
cards  (48  cards  in  the  example  cited 
above)  the  number  of  cards  in  the  next 
test  will  be  increased  by  one-hAlf  the 
preceding  increment  (i.e.,  from  48  to 
66  curds),  etc.  This  procedure  will  be 
followed  until  the  point  of  50  percent 
probability  of  detonation  is  obtained. 
If  the  card  gup  sensitivity  of  n  similar 
propellant  or  explosive  composition  is 
known,  testing  should  begin  at  ap¬ 
proximately  that  number  of  cards. 


(S)  Detonation  is  indicated  when  a  clean 
hole  is  cut  in  the  witness  plate.  The 
measure  of  charge  sensitivity  is  the 
length  of  attenuation  (gap  length)  at 
which  there  is  60  percent  probability 
of  detonation  according  to  the  above 
criterion.  The  charge  sensitivity  will 
be  expressed  in  terms  of  number  of 
0.01 -inch  cards  necessary  for  the  (50 
percent  value  between  detonation  and 
no  detonation.  Normally,  .a  maximum 
of  12  tests  will  be  required  to  deter¬ 
mine  the  60  percent  value.  (See  A-9, 
appendix  A.) 

3-13.  Interpretation  of  Results,  a.  For  ICC 
and  military  purposes,  results  of  chapter  3 
tests  will  be  interpreted  as  follows : 

(1)  ICC  “Forbidden”  if  the  following  oc¬ 
curs:  Thermal  stability  test  results 
in  either  an  explosion,  burning,  or 
marked  decomposition  of  the  sample. 

(2)  ICC  Restricted.  Compositions  with  an 
explosive  impact  sensitivity  of  less 
than  4  inches  of  drop  height  (3-11) 
will  not  be  shipped  until  shipping  in¬ 
structions  have  been  requested  and 
received  from  the  Interstate  Com¬ 
merce  Commission. 

(8)  ICC  Class  A- (Military  Clnss  7)  if 
one  or  moie  of  the  following  occur: 

(o)  Detonation  and  card  gap  tests  have 
determined  a  detonation  sensitivity 
value  of  70  or  more  curds. 

(6)  Impact  sensitivity  test  produces  an 
exp'oaion  above  4- inches  of  drop 
height. 

(c)  Ignition  and  unconfinod  burning 
test  produces  u  detonation. 

(4)  ICC  Cl  tuts  B~  (Military  Class  2)  if  all 
of  the  following  occur: 

(а)  Ignition  und  unconfinod  burning 
tests  did  not  result  in  an  explosion. 

(б)  The  Thetmnl  Stability  Test  did  not 
result  in  an  explosion,  burning,  or 
marked  decomposition. 

(c)  Detonation  and  card  gap  tests  have 
indicated  a  detonation  sensitivity 
value  of  loss  than  70  cards  or  no 
reaction  at  zoro  .cards. 
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CHAPTER  4 

MINIMUM  TEST  CRITERIA  FOR  AMMUNITION  AND  EXPLOSIVES  ITEMS  INCLUDING  FUZES, 
IGNITERS,  MAIN  EXPLOSIVE  CHARGES,  GUN  TYPE  PROPELLANTS,  ARTILLERY 
AMMUNITION,  PYROTECHNICS,  ROCKET  MOTORS  AND  ROCKET  AMMUNITION  UP  TO 

8  INCHES  DIAMETER 


4-1.  Introduction.  The  teat3  in  this  chapter 
are  intended  to  develop  data  upon  which  stor¬ 
age  and  transportation  classifications  of  am¬ 
munition  items  may  be  based.  Rocket  motors 
and  devices,  containing  solid  propellant,  except 
ns  indicated,  are  to  be  tested  in  accordance 
with  chapter  5.  The  following  test  criteria 
will  be  used  in  the  development  of  test  opera¬ 
tional  plans  for  indicated  ammunition  items. 

4-2.  Number  of  Testa.  Tables  1  through  4 
indicate  the  minimum  tests  to  be  conducted, 
however,  additional  tests  should  be  performed 
when  u  greater  level  of  confidence  is  required 
for  specific  applications. 

4-3.  Use  of  Additional  Items  In  Tests.  Many 
of  the  items  to  be  tested  under  this  chapter 
will  be  suitable  for  inclusion  in  storage  hazard 
classes  3  through  6  which  are  based  upon 
fragment  dispersion.  The  number  of  con¬ 
tainers  of  items  specified  for  the  external  heat 
test  in  tables  1  through  4  are  the  minimum 
upon  which  the  classification  may  be  based. 
However,  in  order  to  improve  the  statistical 
value  of  these  tests  and  to  more  accurately 
predict  results  of  accidents  under  actual  stor¬ 
age  conditions,  the  number  of  containers  used 
in  this  test  should  be  increased  whenever 
possible. 

4-4.  Testa  In  Storage  and  Shipping  Contain¬ 
ers.  All  tests  under  this  chapter  are  to  be  con¬ 
ducted  on  items  in  standard  storage  and  trans¬ 
portation  containers.  Should  items  be  stored 
or  shipped  in  more  than  one  type  of  container, 
the  test  series  must  be  conducted  on  each  type 
of  container  (i.c.,  wood  vs.  metal).  Classifica¬ 
tions  will  then  be  assigned  to  the  item  in  each 
type  of  container. 


4-5.  Description  of  Testa.  In  the  perform¬ 
ance  of  teats  given  in  tables  1  through  4,  the 
following  will  apply: 

а.  Detonation  “Test  A"  (propagation  within 
a  container). 

(1)  This  test  is  to  be  conducted  on  Items 
which  are  packaged  with  more  than 
one  item  in  the  standard  storage  and 
shipping  container  to  determine  if 
functioning  of  one  item  will  cause 
other  items  in  the  container  to  func¬ 
tion. 

(2)  The  most  centrally  positioned  item 
within  the  package  will  be  primed  as 
required  in  the  applicable  table. 

(8)  The  primed  item  will  be  fired  from  a 
safe  location.  The  results  of  the  test 
will  be  documented  as  required  by 
paragraphs  2-36(1),  2-86(2)  (6),  Z~ 
86(8)  (c),  and  2-86(8)  (d). 

(4)  Test  A  will  be  conducted  the  specified 
number  of  times,  or,  until  communi¬ 
cation  to  adjacent  items  occurs, 
whichever  is  less. 

б.  Detonation  “Test  FT  (propagation  be¬ 
tween  containers). 

(1)  This  test  is  to  be  conducted  to  de¬ 
termine  if  the  functioning  of  items  in 
one  container  will  cause  functioning 
of  items  in  adjacent  containers. 

(2)  If  the  detonation  "Test  A,"  above  re¬ 
sulted  in  no  communication  within  the 
container  or  the  outside  container 
was  not  ruptured,  these  testa  (“Test 
B”)  may  be  omitted. 


12 


AO 0  TMJA 


(3)  The.  Item  In  the  donor  container  to  be 
primed  and  boostcred  in  accordance 
with  tables  1  through  6  is  that  which 
is  closest  to  explosives  in  the  acceptor 
container.  This  should  assure  sub¬ 
jection  of  acceptor  explosives  to  maxi¬ 
mum  blast  effects  from  donor  ma¬ 
terial. 

(4)  The  acceptor  container  will  be  posi¬ 
tioned  in  a  manner  which  provides 
the  minimum  separation  between  the 
explosive  components  in  the  two  con¬ 
tainers  (:.e.,  container  of  fuzes  with 
boosters  will  be  arranged  so  that  the 
boosters  in  one  box  are  immediately 
beneath  those  above,  and  the  lower 
box  will  be  inverted  in  order  to 
have  minimum  separation  distance 
between  the  boosters). 

(6)  The  primed  item  will  be  fired  from  a 
safe  location.  The  results  of  the  test 
will  be  documented  as  required  by 
paragraphs  2-36(1),  2-36(2)  (6),  2- 
86(3)  (c)  and  2-36(8)  (d). 

e.  External  Heat  "Test  C”  (open  fire) .  This 
test  is  designed  to  simulate  a  condition  where 
the  containers  of  explosive  items  r.re  complete¬ 
ly  enveloped  in  a  hot  fire.  Tables  1  through 
6  require  that  more  than  one  outer  shipping 
container  be  used  in  this  test.  They  should 
be  arranged  in  a  compact  stuck,  approximating 
a  cube,  if  possible.  This  stack  should  then  be 
secured  with  steel  bands  in  two  directions. 


These  steel  bands  nre  intended  to  maintain 
stacking  until  initiation  of  one  or  more  items 
occurs.  They  must  be  inrnpnble  of  signifi¬ 
cantly  affecting  dispersal  of  fragments.  The 
stack  of  containers  will  then  be  placed  on  a 
crib  of  sufficient  dimensions  to  hold  the  stack 
of  containers  and  approximately  30  inches  high. 
The  interior  of  the  crib  is  to  be  filled  with 
combustible  material  such  as  scrap  lumber. 
The  crib  and  the  stack  of  items  to  be  tested 
are  then  covered  with  additional  combustible 
material,  such  as  scrap  lumber,  sufficient  to  in¬ 
sure  a  sustained  hot  fire.  The  entire  mass  is 
then  to  be  saturated  with  approximately  60 
gallons  of  .IP-4  or  diesel  fuel  and  ignited  by 
such  means  as  an  electric  squib  and  2  ounces 
of  smokeless  powder.  In  order  to  reduce  the 
effects  of  wind  direction,  it  is  advisable  to 
ignite  the  pile  in  two  places  preferably  on 
opposite  sides.  Still  photographs  will  be  taken 
before  and  after  the  test.  Photos  after  the 
test  will  clearly  show  results  of  the  test.  Re¬ 
sulting  fragments  and  missiles  will  be  identi¬ 
fied  and  their  location  with  respect  to  the  test 
position  recorded. 

d.  Where  sand  filled  containers  arc  specified 
for  confinement  in  tests  B  and  C,  they  will  be 
of  the  same  material  as  the  containers  of  the 
items  being  tested.  The  sides  and  top  of  the 
container  to  be  tested  will  be  completely  in¬ 
closed  by  the  sand  filled  containers  in  order 
to  provide  confinement  similar  to  a  central 
container  in  a  large  stack  of  containers. 


Table  I.  Minimum  Toot  Criteria  For  Determining  Hatard  Clnoiifieation  of  Futoo 


»r*jKtlt>  t/N.  rocVrt.  mlullt.  kydrwUtU,  Urp*Ja  «xp)od,r  mmIwkUim.  ft*r,  and 

trw»> 

1.  Paokagbig  t.  Typo  of  Info  To  Bo 

Dotorminod  by  Toot 


*rmlnt  d«vtc«*.  and  Initiating  davlc«a  af  all 

3.  Typoo  of  Initiation  To  Obtain 
Info  Outlined  in  Item  t 


With  Booster  Assembled 
Without  Booster 


Without  Booster,  but  Booster 
Packed  in  Same  Containsr 
4.  Minimum  Toot  Criteria 


Ttn « ltd 

Tsat  A.  Detonation 
Test  B.  Detonation 

Teat  C.  External 

Hsat 


Nunltr  Itaaw 
ptr  Iwl 

1  Shipping 
Container 

2  Shipping 
Containers 

8  Shipping 
Containers 


Type  of  Propagation  Within  1  Detonation 
Container 

Type  of  Propagation  front  I  External  Heal 
Container  to  Another 
Determination  of  Fragment 
Hazard 


*/ 

Primm# 

lliPotUr 

6 

Engr  Special 

Nona 

Sand  Filled 

Blasting  Cap 

Containers 

6 

Engr  Special 

None 

Sand  Filled 

Blasting  Cap 

Containers 

1 

Nona 

None 

Steel  bandad 

! 

S 
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TabU  f.  Mmfmmm  Tut  Critoria  tor  ButormHing  Heaard  CtaooiJUation  of  Ignitor* 

rwW  m X  MtaO«  m*n  torn,  tU.> 

I.  Type  it.  Packaging  ».  Typo  of  Info  To  Bo  4-  Typo*  of  initiation  to  Ok- 

Determined  by  Tut  tain  Into  Outlined  in 

lUm  t 

1  Per  container  Type  of  Propagation  Simple  Ignition,  or  Deto- 

More  than  1  Per  Within  1  Container  nation,  ai  Appropriate 

Container 

Type  of  Propagation  from  External  Heat 
1  Container  to  Another 

Combination  of  Any  Determination  of  Frag- 

of  Above  ment  Haxard 


Electric 

Friction 

Percueelon 


5.  Minimum  Tut  Critoria 

Neetter  Itnu 

Tut  let  pee  M 

Teet  A.  1  Shipping 

Detonation  Container 

Teat  B.  t  Shipping 

Detonation  Container* 

Teat  C.  External  S  Shipping 
Heat  Container* 


tf  Into  frimtnt 

6  Engr  Special 

Blaeting  Cap 
B  Engr  Special 

Blaeting  Cap 
I  None 


Beet ter 

CmJUeKWKl 

None 

Sand  FUled 

Container* 

None 

Sand  Filled 

Containers 

None 

Steel  Banded 

TabU  t.  Minimum  Tut  Critoria  for  Determining  Haxard  ClaeriftootUn  of  Main 

Expletive  Charge 

(Iaclu4lpt  proJaclilM,  ml  km.  its Ut  ikvia,  Hfl«  lU  hand  rrmudm.  homW.  and  dmnltU«K  n)Wni| 

I.  Type  t.  Typo  of  Info  To  Be  DeUrtnined  3.  Typo*  of  Initiation  To  Obtain  Info 

by  Text  Outlined  in  Item  S 

Warhead,  Lea*  Fui*  Propagation  from  1  Container  Expiotiva  Priming 

to  Another 

Warhead,  flue  Fuxe 

(1)  Attached  Separation  Diatanee  from  1  External  Heat 

Item  or  Stack  to  Another  to 
Prevent  Propagation 

(2)  Unattached,  but  in  8am*  Determination  of  Fragment 

Container  Haxard 

Determination  of  Bleat  Haxard 

4.  Minimum  tut  Critoria 


ii+mt  H% »atfc#* 

Tim  um  pgr  Uit  •/  u»u 

Teet  A.  Detonation  2  Shipping  Con-  6  —  Or  Until  Engr  Special 
taioera  (Side-  Firet  Detone-  Blaatlng  Cap 

by-Side)*  tion  of  Both 


Teet  B.  Detonetion  2  Shipping  Con-  3  Det  of  Primed  Engr  Special 
tainer*  (Sep-  C  eteieer  Bhetteg  Cap 

orated  CO  Only 

inch**)* 


Teet  0.  External  2  Shipping  Con-  1  Non* 

Heat  tainer* 


Putter  Cwtimml 

30  Craw  Tet-  Non» 
ryi*»  or  Equiv. 
alent  (Fnaa 
Booater-When 
Attached) 

30  Gram  Tet-  None 
ryl**  or  Equiv¬ 
alent  (Fuxe 
BeeeUr-When 
Attached) 

Nene  Steel  Banded 


'IWil'm  »M  eermeilr  W«*U  Ih  iimn  «e  *MpkmkI  wiX  W  imteU  with  •  niulmn  #f  I  MaeW.  «**k  eentetolae  KM  tree  thorn  II 
tMiUm.  SlK«k,  la  U  MpKTKUd  t#  )K«kM  — tr  -~v  ‘r  Ini 

vrllM  •pkikiIkmuI*  I  tMk-etaMlr?  »  IU  Imk-laK*  ft  d«n*IU  *1  I  A. 
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I.  Type 


TaM*  f.  Minimum  Teet  Criteria  for  Determining  Haiard  Claeeifiration  of  Gun  Type 
Propellante  for  Cannon,  Gun,  Tubo  Mortar,  and  Rocket  Mot  ore  up  to  S-hieh  Diameter 


Typo  of  Info  To  Hr  Determined  3.  Type*  of  Initiation  To  Obtain  Info 


Cun  Type  Propellante  for 
Cannon,  Cun  Tubo  HorUr  or 
other  Cartridge  Actuated  or 
Launching  Dovleo*  in  Bulk, 
Bag*  and  Cartridge  Caeca 

(1)  Single  Baea 

(2)  Double  Baee 
(8)  Triple  Bate 


4.  Afintmum  Toot  Criteria  for  Bulk  Propoltant 

NanW  item •  n» 

Tree  teet  ft  tMt  „/ 

Teat  A.  Detonation  1  Shipping  con¬ 
tainer 

Teat  B.  Detonation  ?  Shipping  Con- 
tainera 

Teat  C.  External  6  Shipping  Con- 
Heat  tainera 


by  Trot 

Liability  to  Detonation  in  Ap¬ 
proved  Bulk  Storage  and 
Shipping  Containera 

(1)  Bulk  Propellant  in 
Storage  and  Shipping 
Containera 

(2)  Loaded  in  Finiahed 
Items 

Type  of  Propagation  Within  1 
Container 

Type  of  Propagation  from  1 
Container  or  Item  to  Another 
Determination  of  Fragment 
Haaard  of  Finished  Items 
Determination  of  Blast  Hazard 


Outlined  in  Item  t 
Simple  Ignition 

External  Heat 

Explosive  Priming 


Priming  BaatUr 

Electric  Squib*  2  Oz  Black 
Powder 

Electric  Squib*  2  Oz  Black 
Powder 


*•  Minimum  Toot  Criteria— Finiehed  Items, 

_  A/tamfigr  <(«nu 

rma  taat  r-r  lut 

Teat  A.  Detonation  1  Shipping  Con-  Not 


Teat  B.  Detonation 

Teat  C.  External 
Hist 


Number 

JMT  (Ml 

1  Shipping  Con¬ 
tainer 

2  Shipping  Con¬ 
tainer 

6  Shipping  Con¬ 
tainer  or  Item 


Nutnbtr 
•t  t" u 

Not  Leas  than  3 

Not  Leas  than 
it*** 

1 


/Yt  1*1*0 

Engr  Special 
Blasting  Cap 
Engr  Special 
Blasting  Cap 
None 


NootUr 

30  Gram 
Tetryl** 
30  Gram 
Tetryl** 
None 


Csn/lnramt 
Sand  Filled  Con¬ 
tainers  and  Steel 
Straps 

Sand  Filled  Con¬ 
tainera  end  Steel 
Straps 

Steel  Banded 


None 

Sand  Filled  Con¬ 
tainers 

Steel  Banded 


«j|uk*  --  pS*#rt  4  lu'hoo  (ram  bottom  of  too  onS  oil  rono  to  bo  'landing  vortical. 

"M  iorlm.tolr  I  lMt.-dlam.Ue  x  1%  lntb.|o»a  ot  don.ltr  o (  l.l. 

Hot  to  to  »'duotol  If  no  dotoootlon  oeraro  la  Toot  A-lb.n  Toot  A  to  bo  tonductod  t  Umra. 

Tablo  $.  Minimum  Toot  Criteria  for  Determining  Hazard  Claooification  of  Gun, 
Homtoor,  Mortar,  and  Recoillete  Rifle  Ammunition  and  Rocket  Ammunition 
Complete  Rounde  fAeeembted  or  Unaeeembltd)  up  to  S-lnch  Diameter 


Complete  Rounds, 
Fined 
Sensitized 

Separated  loading 
in  Same  Package 


>.  Packaging 

1  Round  Per 
Container 
More  than  1 
Round  Per 
Container 


3.  Type  of  » n/o  To  Be  Deter -  i.  Typee  of  Initiation  To  Ob 


mined  by  Teel 

Propagation  within  a  Sin¬ 
gle  Container 
Propagation  from  t  Con¬ 
tainer  to  Another 
Determination  of  Contri¬ 
bution  of  Propellant  to 
HE  Charge  in  1  Package 
Determination  of  Frag¬ 
ment  Hazard 

Determination  of  Blaet 
Hazard 


lain  Info  Outlined  in 
Item  3 

Simple  Ignition 
Detonation 
External  Heat 


A OQ  nilA 
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t.  Minimum  Toet  Criteria 


Tin"  lett 

Tot  A.  Detonation 
o i  Project!!#  or 
Head 


Test  II.  Detonation 
of  Projectile  or 

Head 

Tot  D.  Detonation 


Tett  C.  External 
Heat 

Tot  C.  External 
Heat 


1  Item 


2  Shipping  Con¬ 
tainer* 

2  Shipping  Con¬ 
tainer*  or  2 
Stack*  with  12 
Item*  Each 
Separated  SO 
inch**  Nose- 
to-Noae,  Base- 
to-Base,  or  a* 
Stored 

6  Shipping  Con¬ 
tainer* 

#  Shipping  Con¬ 
tainers 


6  Complete  Uaita 


Engr  S pedal 
Blasting  Cap 
or  Normal 
Fuze  Train 
Armed 

Sam*  as  Above 


SO  Oram  Tetqrl* 


SO  Cram  Tetryl* 


wowr^^ssews 

Sand  Filled  Con¬ 
tainers 


Sand  PUled  Con¬ 
tainers 


Same  as  Above  30  Gram  Tetrpl*  Sam*  as  Above 


Sam*  as  Above 


♦PtmmJ  pelltt  aseroxtmaUty  I  lnc*-41*nut«r  X  lit  iMhs  Una  at  •>  >.». 


Tail*  «.  Minimum  Teet  Criteria  for  Determi) imp  Hasard  Claoi/ieation  of  Pyrotechnic* 
—All  Typ ««  and  Certain  Small  Item*  Containing  Solid  Propellante  (Para  SSd) 


I.  Type 


Burning 

Detonating 


t.  Packaging,  at  for¬ 
mally  Store  and 
Shipped 

Individual  Item  or 
Unit 

More  Than  1  Item 
Per  Unit 


t.  Minimum  Toot  Criteria 

Nmmbwr  U*ms 

Tvp4  (Mt  p4r  tmi 

'I'ot  A.  Detonation  1  Container 


Tot  B.  Detonation  2  Containers 
Teat  C.  External  1  to  6  Containers 
Heat  Depending  on 

Size  of  Unit 


I,  Typo  of  Info  J*o  Bo  De¬ 
termined  by  Toot 

Propagation  Within  a  Sin¬ 
gle  Container 
Propagation  from  1  Con¬ 
tainer  to  Another 
Determination  of  Frag¬ 
ment  Hasard 
Determination  of  Blast 
Hasard 

Determination  of  Fir*  Dls- 
peroment  Hasard 


Prtat*# 

Normal  Means 
of  Ignition  or 
Engr  Special 
Blasting  Cap 
Same  as  Above 
None 


Typo*  of  Initiation  To  Ob¬ 
tain  Info  Outlined  in  Item 
$ 

Simple  Ignition 
Detonation 
External  Heat 


Non* 


Non* 

Steel  Banded 
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CHAPTER  5 


MINIMUM  TEST  CRITERIA  FOX  ROCKET  MOTORS  OR  DEVXES 
CONTAINING  SOLID  PROPELLANTS 


5-1.  Introduction,  a.  The  tests  in  this  chap- 
ter,  are  designed  to  furnish  data  on  the  hazard 
characteristics  of  assembled  items  upon  which 
quantity-distance  criteria  may  be  based.  They 
are  intended  to  interrelate  the  effects,  in  the 
expected  environment,  of — 

(1)  The  functioning  of  an  individual  item 
on  like  items  when  stored  in  quantity, 
or 

(2)  The  functioning  of  a  single  item  on 
the  remaining  portions  of  a  complete 
configuration. 

(5)  The  functioning  of  destruct  system  on 
a  motor  at  ambient  temperature  or 
when  a  motor  is  being  fired. 

b.  The  following  testa  are  included  in  tills 
chapter: 

(1)  Susceptibility  of  end  item  to  external 
detonation. 

(2)  Detonation  effects  of  one  item  upon 
like  items. 

(3)  Detonetion  effects  of  one  stage  of  a 
missile  on  the  remaining  stages  of  the 
same  missile. 

(4)  Effects  of  warhead  detonation  on  the 
propulsion  stages. 

(6)  Effects  of  destruct  system  on  motors. 

e.  Testa  are  not  given  to  specifically  deter¬ 
mine  the  hazard  classification  of  items  under 
conditions  peculiar  to  combat  usage  or  when 
items  are  tactically  or  strategically  deployed. 
(In  the  cftse  of  solid  propellant  missiles,  cer¬ 
tain  tests  are  given  which  may  be  used  to  de¬ 
termine  the  hazard  characteristics  of  assembled 
missiles.  These  results  may  be  used  for  siting 
flight  test  stands  or  tactical  siting  of  assembled 
missiles.  However,  other  types  of  test  data  or 
hazard  criteria  may  be  the  controlling  factor 
in  the  determination  of  the  proper  siting  of  the 
missile.) 

ACO  1IIIA 


d.  Reject  motors  or  devices  may  be  used  in 
this  phase  of  testing  if  reasons  for  rejection 
will  not  materially  affect  the  test  results.  Prior 
approval  for  use  of  reject  motors  or  devices 
must  be  obtained  from  the  responsible  DOD 
Component.  Request  for  approval  to  use  reject 
motors  or  devices  will  state  the  basis  upon 
which  the  item  was  rejected. 

e.  Certain  standard  pentolite  donor  charges 
are  available  to  DOD  Components,  other  Gov¬ 
ernment  agencies  and  their  contractors  for 
conducting  the  tests  described  herein.  They  can 
be  obtained  from:  Ships  Parts  Control  Center, 
U.S.  Naval  Supply  Depot,  Mechanicsburg,  Pa., 
Code  AM  303. 

(1)  2-inch  diameter  by  1-inch  long  pressed 
pentolite  pellet  Federal  Btock  No. 
1375-991-8891. 

(2)  12-inch  long,  4-inch  base,  %-inch  apex 
cast,  Federal  stock  No.  1375-091- 

8892. 

(8)  24-lnch  long,  8-inch  base,  »/8-inch  apex 
coat,  Federal  stock  No.  1875-991- 

8893. 

5-2.  Minimum  Requirements,  a.  The  testa 
given  under  this  section  are  to  be  considered 
as  minimum  requirements.  Under  certnin  tacti¬ 
cal  siting  situations  or  launch  configurations, 
additional  tests  may  be  required  to  determine 
the  hazard  characteristics  of  the  system.  Pro¬ 
posed  tests  developed  to  fulfill  this  requirement 
will  be  coordinated  with  ASESB,  prior  to  their 
execution. 

b.  When  full  Beale  tests  cannot  be  run  for 
economic,  engineering  or  priority  considera¬ 
tions,  the  responsible  DOD  Component  will  sub¬ 
mit  alternate  test  plans  to  the  ASESB  for  ap¬ 
proval  or  recommendations  prior  to  the  conduct 
of  the  test.  The  results  of  these  tests  will  be 
given  the  same  distribution  as  required  by 
paragraph  2-3. 
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6-3.  Application  of  Teals.  a.  The  developing 
1)01)  Component  will  Holect  the  applicable 
testa  from  this  chapter  to  determine  the  hazard 
characteristics  of  the  end  item  in  a  particular 
environment  (except  for  c  below).  It  is  the 
responsibility  of  the  DOD  Component  develop¬ 
ing  a  ayntem  or  subsystem  to  determine  the 
hazard  characteristics  of  this  system  based  on 
the  specific  needs.  A  DOD  Component  adopting 
a  developed  system  or  portion  thereof  need 
only  to  test  to  determine  the  hazard  characte¬ 
rises  involved  in  the  specific  system  which 
may  differ  from  those  tested  by  the  developing 
organization. 

6.  Tests  of  combined  items:  When  new  or 
existing  items  are  combined  for  a  new  appli¬ 
cation  the  using  DOD  Component  will  perform 
applicable  tests  from  this  chapter  to  determine 
the  hazard  characteristics  of  the  combined  sys¬ 
tem. 

c.  Limited  quantity  research  items  not  sche¬ 
duled  for  standard  Military  Service  use:  such 
items  arc  exempt  from  the  mandatory  require¬ 
ment  for  test  under  this  chapter  when  the  DOD 
Component  '"ishes  to  accept  ICC  Class  A  and 
assign  the  appropriate  military  hazard  classi¬ 
fication  which  provides  the  necessary  quantity- 
distance  protection. 

d.  Small  items  containing  solid  propellant 
which  are  pneked  with  more  than  one  unit  per 
outer  container  will  be  tested  in  accordance 
with  chapter  4,  table  6. 

e.  Items  which  contain  a  combination  of 
propellant  and  explosive  devices  ns  an  integral 
unit  will  be  tested  in  accordance  with  appli¬ 
cable  portions  of  chapters  4  and  6.  Additional 
special  tests,  as  required  for  the  item  con¬ 
cerned,  will  be  performed. 

/.  Frequently  siting  criteria  cannot  be  based 
on  any  single  test.  All  applicable  full  scale  tests, 
paragraphs  6-6  through  G-il,  must  be  con¬ 
ducted  and  results  considered  when  developing 
siting  criteria.  When  siting  test  launch  pads 
additional  hazards  such  as  fall-back,  abort,  etc., 
must  be  considered. 

g.  In  order  to  determine  actual  hazards  of 
the  items  being  tested,  it  is  necessary  to  conduct 
tests  under  environmental  conditions  which 
simulate  those  which  might  be  encountered  by 
the  item.  These  environments  may  include 
heavy  shipping  containers,  outer  containers  for 


climatic  control,  earth  covered  storage  struc¬ 
tures  or  even  underground  structures.  The 
tests  given  in  this  chapter  are  to  be  conducted 
in  a  simulated  environment  which  is  considered 
to  afford  the  maximum  degree  of  confinement 
which  the  item  normally  is  expected  to  en¬ 
counter. 

h.  Inasmuch  as  fragmentation*  is  one  of  the 
major  hazards  to  be  expected  from  items  to 
be  tested  under  this  chapter,  all  tests  are  to.be 
conducted  in  a  manner  which  will  not  unreal¬ 
istically  limit  the  fragment  dispersal  of  the 
test  configuration;  i.e.,  cages  or  other  devices 
such  as  thrust  stands  or  tiedowns  to  impede 
fragment  dispersal  are  not  to  be  used  when 
conducting  these  tests.  Test  configuration  is  to 
simulate  as  near  as  practicable  actual  condi¬ 
tions. 

5-4.  Simulated  Class  7  Motors.  When  class 
7  motors  are  to  be  used  as  donors  for  these 
testa,  they  may  be  simulated  through  the  use  of 
TNT  demolition  blocks  or  equivalent  of  a  weight 
equal  to  1.4  times  the  weight  of  the  propellant 
in  the  motor.  This  explosive  charge  is  to  be 
inclosed  within  a  simulated  case  approximating 
the  material,  weight,  diameter,  and  length  of 
the  actual  motor.  Interstage  hardware  such  as 
nozzles  or  other  major  fragment  producing 
components  or  simulations  thereof  shall  be 
positioned  as  in  the  motor. 

5-5.  Simulation  of  Electronic  Gear.  Surplus 
and/or  obsolete  electronics  gear  may  be  used 
to  simulate  actual  electronic  components  pro¬ 
vided  that  the  amounts,  sizes,  and  bulk  densit¬ 
ies  are  approximately  those  of  equipment 
normally  found  in  the  guidance  and  control 
package,  stage  separation,  etc.  and  that  the 
orientation  in  the  system  is  proper.  Such  gear 
may  be  of  any  type  including  metal  casings. 

5-6.  Detonation  Susceptibility,  o.  Motors  or 
devices  containing  Class  7  solid  propellants 
(para  3.12)  will  be  considered  ICC  Class  A 
and  Military  Class  7  unless  the  quantity  of 
Class  7  propellant  involved  is  so  small  that 
its  detonation  effects  will  be  contained  or  so 
attenuated  that  the  propagation  of  detonation 
to  adjacent  items  will  be  prevented.  The  pro¬ 
pagation  test  in  paragraph  6-7  and  applicable 
tests  in  chapter  4  will  be  conducted  where  there 
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is  s  Credible  chance  that  an  item  may  qualify 
for  lesser  hazard  classifications. 

b.  Motors  or  rocket  ammunition,  complete 
rounds  (assembled  or  unassembled),  of  8  inch 
diameter  or  less  containing  Class  2  or  7  propel¬ 
lant  will  be  tested  in  accordance  with  tables  4 
and  6  to  establish  hazard  classifications.  Motors 
or  rockets  over  8  inches  in  diameter  containing 
Class  2  or  7  propellant  will  be  tested  in  ac¬ 
cordance  with  paragraph  6-7  to  establish 
hazard  classifications. 

5-7.  Propagation  Test.  a.  This  test  is  de¬ 
signed  to  determine  the  hazard  characteristics 
of  items  under  storage  conditions  where  two 
or  more  identical  units  are  in  close  proximity 
to  each  other  (also  see  para  6-Sd  and  6-6(i). 
This  teat  need  not  be  performed  if  the  respons¬ 
ible  DOD  Component  determines  that  the  items 
involved  offer  little  or  no  prospect  of  qualifying 
for  a  hazard  classification  less  than  Class  7. 

b.  This  test  is  to  be  conducted  with  the  items 
stacked  in  the  expected  storage  arrangement. 
Simulated  confinement  equal  to  that  which  the 
item  can  be  expected  to  encounter  during  stor¬ 
age  will  be  provided. 

c.  A  minimum  of  two  items  will  be  used  in 
this  test,  however,  it  is  recommended  that  ad¬ 
ditional  items  be  included. 

d.  Thin  test  should  be  conducted  in  a  man¬ 
ner  which  will  not  limit  fragment  dispersal  of 
the  items  being  tested  or  the  simulated  en¬ 
vironment  (para  6-3 h). 

e.  One  of  the  teat  items  will  be  primed  and 
initiated  (internally  if  possible)  with  a  30 
gram  tctryl  booster. 

/.  The  primed  item  will  be  fired  from  a  safe 
location.  The  test  results  will  be  documented 
as  required  by  paragraph  2-3. 

g.  The  results  of  this  test  may  permit  the 
assignment  of  a  storage  hazard  class  of  3 
through  6. 

5-8.  Detonation  Teat  of  Multistage  System, 
Without  Warhead,  in  Which  It  Has  Been  De¬ 
termined  That  at  Least  One  Stage  Is  Class  7. 
a.  This  test  is  designed  to  determine  the  hazard 
characteristics  of  a  multistage  system  under 
conditions  where  all  stages  are  assembled  to¬ 
gether. 

6.  This  test  is  to  be  conducted  with  the 
various  stages  positioned  with  respect  to  each 
other  as  would  occur  under  the  actual  condi¬ 


tions  being  simulated  including  simulated 
electronic  gear  which  is  located  between  the 
various  stages  (para  5-6). 

e.  The  Class  7  stage  will  be  primed  and 
boostered  internally  with  sufficient  explosives 
to  assure  its  detonation.  Where  internal 
boostering  cannot  be  accomplished,  other 
means  will  be  utilized. 

d.  The  primed  item  will  be  fired  from  a  safe 
location. 

e.  Documentation  of  the  results  of  this  test 
(para  2-3)  will  include  detailed  information 
on  the  damage  sustained  by  the  unpinned 
stages  of  the  system. 

/.  The  Jesuits  of  this  test  will  indicate  safety 
distances  required  for  the  multistage  system, 
without  warhead.  This  test  will  be  conducted 
when  it  is  desired  to  use  safety  distances  less 
than  those  required  by  current  DOD  Directives 
when  the  entire  assembly  is  considered  to  be 
hazard  Class  7. 

5-9.  Detonation  Teat  of  Mixed  Storage  of  j 
Class  2  and  Class  7  Items  Containing  Solid 
Propellant,  a.  This  test  normally  will  be  con¬ 
ducted  only  when  there  are  specific  plans 
for  the  storage  together  of  Class  2  and  Claus 
7  items  containing  solid  propellants  and  it  is 
desired  to  use  safety  distances  less  than  those 
required  by  current  DOD  Instructions  with 
all  items  involved  being  considered  Class  7. 

b.  The  test  is  to  be  conducted  with  the  items 
stacked  in  the  expected  storage  arrangement 
Simulated  confinement  equal  to  that  of  the 
storage  condition  will  be  provided. 

e.  A  minimum  of  one  item  of  each  hazard 
class  will  be  used  in  this  test.  However,  it  is 
recommended  that  additional  items  of  f,ach 
class  be  included. 

d.  This  test  will  be  conducted  in  a  manner 
which  will  not  limit  the  fragment  dispersal  of 
the  items  being  tested  or  of  the  simulated  en¬ 
vironment  (para  6-3 h) 

e.  The  Class  7  item  will  he  primed  and 

boostered  internally  with  sufficient  explosives  to  >* 

assure  its  detonation.  " 

/.  The  primed  item  will  be  fired  from  a  safe  I 
location.  [ 

g.  Documentation  of  the  results  of  this  test  1 
(see  paragraph  2-3)  will  include  detailed  in- 
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formation  on  the  damage  sustained  by  the  un¬ 
primed  items. 

h.  The  results  of  this  test  will  provide  a 
basis  for  quantity-distance  requirements  for 
mixed  storage  of  Classes  2  and  7  items. 

5-10.  Detonation  Test  of  Single  or  Multi¬ 
stage  Systems  Complete  With  Warhead,  a. 
This  test  is  designed  to  determine  the  effects 
of  an  accidental  detonation  of  a  warhead  or 
warhead  simulant  (HE  only)  on  the  propul¬ 
sion  units  of  a  system. 

b.  The  test  is  to  be  conducted  with  the  vari¬ 
ous  stages  and  warhead  positioned  with  respect 
to  each  other  as  would  occur  in  an  assembled 
system  including  simulated  electronic  gear 
which  is  located  between  the  various  stages 
(para  5-5) . 

e.  Simulated  confinement  equal  to  that  which 
may  be  encountered  by  the  system  will  be  pro¬ 
vided  for  this  test. 

d.  This  test  will  be  conducted  in  a  manner 
which  will  not  limit  the  fragment  dispersal  of 
the  items  being  tested  or  of  the  simulated  en¬ 
vironment  (para  5-3h). 

e.  The  warhead  or  simulation  thereof  will 
be  primed  in  a  manner  which  will  assure  its 
detonation. 

/.  The  primed  item  will  be  fired  from  a  safe 
location. 

g.  Documentation  of  the  results  of  this  test 
(para  2-3)  will  include  detailed  informatibn 
on  the  damage  sustained  by  the  propulsion 
stages  of  the  system. 

h.  The  results  of  this  test  will  indicate 


safety  distances  required  for  a  single  or  multi¬ 
stage  system  with  warhead  assembled. 

5-11.  Detonation  Test  of  Multiple  Systems. 

a.  This  test  is  intended  to  interrelate  the  ef¬ 
fects  of  one  complete  system  on  a  launcher  or 
in  storage  to  other  complete  systems  on  the 
same  launcher  or  in  the  same  storage  compart¬ 
ment. 

b.  This  test  is  to  be  conducted  with  the  com¬ 
plete  items  positioned  with  respect  to  each 
other  as  normally  would  occur  on  a  launcher 
or  in  storage.  Simulated  confinement  equal  to 
that  of  the  condition  being  simulated  will  be 
provided. 

e.  This  test  should  be  conducted  in  a  manner 
which  will  not  limit  the  fragment  dispersal  of 
the  items  being  tested  or  of  the  simulated  en¬ 
vironment  (para  5-3 h). 

d.  One  item  will  be  primed  and  boostered  to 
assure  detonation  of  the  warhead. 

e.  The  primed  item  will  be  fired  from  a  safe 
location. 

f.  Documentation  of  the  results  of  this  test 
(para  2-3)  will  include  detailed  information 
on  the  damage  sustained  by  the  unprimed  items. 

g.  Results  of  this  test  will  indicate  safety 
distances  required  for  multiple  complete  sys¬ 
tems. 

5-12.  Destruction  Test  Using  Destruet  Sys¬ 
tem.  When  required,  DOD  Component  or  test 
range  destruet  test  are  performed  on  any  solid 
propellant  motor,  the  results  of  such  tests  will 
be  documented.  ,  This  documentation  will  be 
included  with  that  required  by  paragraph  2-3. 
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B-l.  Deflagration.  A  rapid  chemical  reaction  in  which  the  output  of  heat  is  sufficient  to  en¬ 
able  the  reaction  to  proceed  and  be  accelerated  without  input  of  heat  from  another 
source.  Deflagration  is  a  surface  phenorr  enon  with  the  reaction  products  flowing  away 
from  the  unreactcd  materia!  along  the  surface.  Confinement  increases  pressure,  rate  of 
reaction  and  temperature.  The  final  effect  of  deflagration  under  confinement  is  explosion. 

B-2.  Detonation.  A  violent  chemical  reaction  within  a  chemical  compound  or  mechanical 
mixture  evolving  heat  and  high  pressures.  A  detonation,  in  contradistinction  to  deflagra¬ 
tion,  is  the  reaction  which  proceeds  through  the  reacted  material  toward  the  unreacted 
material  at  a  high  constant  velocity.  The  velocity  of  the  reaction  is  supersonic.  The  re¬ 
sult  of  the  chemical  reaction  is  exertion  of  extremely  high  pressures  on  the  surrounding 
medium  forming  a  pressure  wave  (blast  wave)  which  propagates  away  from  the  source 
at  supersonic  velocities.  A  detonation,  when  the  material  is  located  on  or  near  the  sur¬ 
face  of  the  ground,  is  normally  characterized  by  a  crater. 

B~3.  Explosion.  A  chemical  reaction  of  any  chemical  m, pound  or  mechanical  mixture  which, 
when  subjected  to  heat,  friction,  shock,  or  other  suitable  initiation,  undergoes  a  very 
rapid  combustion  or  decomposition  releasing  large  volumes  of  highly-heated  gases  which 
exert  pressures  on  the  surounding  medium.  Also,  a  mechanical  reaction  in  which  failure 
of  the  container  causes  the  sudden  release  of  pressure  from  within  a  pressure  vessel,  for 
example,  pressure  rupture  of  a  steam  boiler.  Depending  on  the  rate  of  energy  release, 
an  explosion  can  be  categorized  ns  a  deflagration,  a  detonation  or  pressure  rupture. 

R-4.  DOD  Components.  Includes  all  DOD  Agencies  and  Departments. 

B-5.  Fragmentation.  The  breaking  up  of  the  confining  material  of  a  chemical  compound  or 
mechanical  mixture  when  an  explosion  takes  place.  A  deflagration  usually  reduces  the 
confining  material  into  large  pieces  which  are  projected  at  low  velocities  whereas  a  deto¬ 
nation  reduces  the  confining  material  into  small  pieces  which  are  projected  at  high  ve¬ 
locities.  Also,  complete  items,  subaosemblies  or  pieces  thereof  as  well  as  pieces  of  equip¬ 
ment  or  buildings  containing  the  items. 

B-6. .  Responsible  DOD  Components.  The  Headquarters  of  the  DOD  Department  or  Agency 
responsible  for  the  development  or  use  of  the  item  concerned. 


By  Order  of  the  Secretaries  of  the  Army,  the  Navy,  and  the  Air  Force: 

HAROLD  K.  JOHNSON, 

General,  United  States  Army, 

Official :  Chief  of  Staff. 

KENNETH  G.  WICKHAM, 

Major  General,  United  States  Army, 

The  Adjutant  General. 

A.  R.  GRALLA 

Rear  Admiral,  United  States  Navy 
Commander,  Naval  Ordnance  Systems 
Command 

J.  P.  McCONNELL,  General,  USAF 
Official :  Chief  of  Staff 

R.  J.  PUGH,  Colonel,  USAF 
Director  of  Administrative  Services 

BY  ORDER  OF  THE  DIRECTOR,  DEFENSE  SUPPLY  AGENCY: 

E.  M.  TEETER 
Colonel,  USA 
Executive,  DSA  . 

Official : 

WILLIAM  PAULE 
Colonel,  USAF 

Staff  Director,  Administration 

Distribution : 

Wavy: 

(P  and  R  activities,  eatab.  quantity;  other*  3  each) 

8NDL:  A4A;  B2(ASESn  only);  K2(NAVA!R,  NAVORD  only);  PlOM(l:>dia»  Head),  P45AI,  P45A1; 

R4BA4. 

Copy  to:  (2  copies  carh  unless  otherwise  indicated) 

<K2(NAVORD:  OKD-07,  OKD-913U  (P/D),  ORD-913111  (40  copies),  ORD  014  (10  copies,  ORD-93S 
(60  copies)),  M69  (Wash-CL  only)  P10A(Crsne  (Code  1000)  (1  ropy));  PRC,  GSA,  Alexandria. 
Stocked  at  Supply  Dept.  (Code  614.33)  NAVSTA,  Washington,  D.C..  20300. 

Oe/ense  Supply  Agency:  C.  S, 

DCASRs —  60  copies 
DCASDr— 26  copies 
DCASOs —  6  copies. 


a  u.n.  -.»v  raw  hint  m»»ntimq  omcii  itsi-tts-sit/nsu 


OD  44811 


INDEX 

Applicable  Documents 

Definitions 

Explosive  Hazard  Classification 

Final  Qualification 
Booster  Explosives 
Main  Charge  Explosives 
Primary  Explosives 

General  Safety  Precautions 

Interim  Qualification 
Booster  Explosives 
Main  Charge  Explosives 
Primary  Explosives 

Qualification  for  Projectiles 

References 

Specification  Review 

Suggested  Loading  Procedures 


Pase 

1-2,  3-2,  4-2,  5-3 
3,  1-3,  3-4,  4-2,  5-3,  B-9 

E-l 


4- 1 
6-1 
2-1 

4,  A-7 

3-1 

5- 1 
l-l 

6- 5 

3-41,  5-26,  5-40,  C-21 
4-21,  6-6 
1-20 


Tests 

Accidential  Release  6-3 
Adiabatic  Sensitivity  5-24,  B-2 
Aerial  Release  6-4 
Aerodynamic  Heating  6-3 
Arena  6-5 
Booster  Performance  6-5 
Bullet  Impact  Sensitivity  5-12 
Compatibility  With  Materials  of  Construction  1-14,  5-19 
Composition  Analysis  5-25 
Compressive  Strength  5-23 
Cook-off  Temperature  1-20 


Index  1 


OD  44811 


Tests  (Continued) 

Cratering 

6-5 

Cylinder  Expansion 

5-36,  C-4 

Cylinder  Fragmentation 

5-35,  C-l 

Dead  Pressing  Susceptibility 

1-19 

Deformation  Under  Load 

5-23 

Density 

1-15,  5-23 

Dent  Output 

1-19 

Detonation  Pressure 

5-37 

Detonation  Velocity 

1-15,  3-41,  5-12 

Determination  of  Critical  Diameter 

Determination  of  Infinite  Diameter  Detonation 

5-30 

Velocity 

5-32 

Differential  Thermal  Analysis 

1-20 

Effect  of  Exposure  to  Moisture 

5-22 

Electrostatic  Sensitivity 

1-12,  3-28,  5-8,  A-l 

Flexural  Strength 

5-23 

Flow  and  Injection  Moldabilit.v 

5-24 

Forty-Foot  Drop 

4-17,  5-15,  6-3 

Fragment  Velocity 

5-34 

Fragmentation 

6-5 

Friction  Sensitivity 

1-20,  3-33,  5-7 

Fuel  Air  Explosives 

5-36,  D-l 

Growth  and  Exudation  Characteristics 

5-10 

Gurney  Constant 

5-36,  C-l 

Hardness 

5-23 

High  Temperature  Exposure 

5-17 

Hot  Wire  Ignition 

3-22 

Hot  Wire  I niti ability 

1-19 

Impact  Resistance 

5-23 

Impact  Sensitivity 

1-9,  3-14,  5-6 

Impact  Vulnerability 

3-14 

Index  2 


Tests  (Continued) 

Impulse  Versus  Scaled  Distance 

5-37 

Jolt 

4.-14 

Jumble 

4-16 

Large  Scale  Gap  Sensitivity 

5-7 

Modul us 

5-23 

Physical  Properties 

5-20 

Physical  Properties  at  Various  Temperatures 

5-21 

Physical  Stability 

5-20 

Plate  Penetration 

6-4 

Pressure  Versus  Scaled  Distance 

5-37 

Priming  Ability 

1-15 

Processability  Certification 

6-5 

Proof  Pressure  Firings 

6-4 

Radiation  Effects 

5-22 

Safe  Jettison 

6-3 

Self  Heating 

5-11 

Shaped  Charge  Penetration 

5-37 

Shrinkage  on  Cure 

5-24 

Skid 

5-16 

Sled  Track 

6-5 

Small  Scale  Gap  Test 

3-7,  5-16 

Solubility  in  Water 

1-19 

Stab  I niti ability 

1-19 

Sti ffness 

5-23 

SUSAN  Sensitivity 

5-13 

Sympathetic  Detonation 

6-2 

Tactical  Environment 

4-20 

Temperature  and  Humidity 

4-10 

Tensile  Strength 

5-23 

Thermal  Conductivity 

5-22 

Index  3 


OD  44811 


E*Si 

Tests  (Continued) 

Thermal  Detonability  3-26,  5-25 

Toxicity  5-21 

Transportation  Vibration  4-5,  5-13 

Underwater  Evaluation  5-38 

Vacuum  Thermal  Stability  and  Chemical  Decomposition  1-5,  3-19,  5-9 
Vibration  at  Temperature  6-3 


Index  4 


